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ABSTRACT
Traditional isolation o f chitin from crawfish shells involves three sequential steps:
demineralization (DM, removing calcium carbonate/phosphate), deproteinization (DP),
and decolorization (DC, removing mainly astaxanthin). The first two steps can be
reversed (i.e., DMP or DPM). Chitin is converted to chitosan by deacetylation (DA).
Isolation steps may be shortened, depending on intended applications of chitosan. The
first study investigated effects o f (1) reversing sequence and (2) eliminating DP and DC
steps on physicochemical and functional properties of chitosan and conversion efficiency
of chitin. Twelve different processes: DM, DP, DPM, DMP, DPMC, DMPC, DMA,
DMCA, DPMA, DMP A, DPMC A, DMPC A were investigated. DA of DPMC did not
affect bulk density. Without DP and DC, bulk density of chitosan significantly increased.
Nitrogen content of DMA-chitosan was 6.96% compared to 7.4 -7.9% of commercial
crab chitosans. DA removed 19% protein from demineralized shells. Deproteinized and
demineralized shell once dried was not an effective substrate for decolorization. The
conversion efficiency (CEF) of demineralized shell to non-deproteinized/non-decolorized
chitosan (DMA) was 52.5%. The Water Binding Capacity (WBC) and Fat Binding
Capacity (FBC) of the crawfish chitins were compared with those of commercial chitin
and chitosans. This study shows that isolation steps for chitosan production can be
reduced, which, in turn, would lower production cost and produce less chemical wastes 
*
compared to the traditional process. Several methods are available for determining 
(Degree of Deacetylation ) DD, including NMR, linear potentiometric titration, ninhydrin 
test, and first derivative UV-spectrophotometry. The second study was aimed to develop 
the method to determine DD and purity o f crawfish chitin and chitosan using FTIR
vii
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spectroscopy. Chitin and chitosan with various DD were finely ground (0.5mm), oven- 
dried at 95°C, and analyzed for DD and purity using FTIR spectroscopy. The spectral 
region of 1200-1800 cm*1 was the information rich-region. DD of chitosan was estimated 
using the ratio of absorption at 1655 and 3450 cm*1. Chitosan with DD of 75, 80, 85 and 
91 showed similar FTIR spectra pattern. The FTIR spectroscopy may serve as a rapid 
method to determine DD and purity of chitosan.
viii
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There are many natural polysaccharides commercially available today. They include 
cellulose, chitin, dextran, pectin, alginic acid, agar-agar, agarose, starch, carrageenans 
and heparin. The demand for the commercial forms of these polysaccharides has grown 
over the decades to such an extent that the gap between supply and demand has been a 
major concern for the industry, forcing intensive research for the continued availability of 
these precious polysaccharides and their applications in various fields. Cellulose is the 
most abundant polysaccharide, and because of its numerous proven applications it has 
served human kind for centuries. The need for another fiber to match its potential has 
been debated until the identification of another polysaccharide, so-called chitin. The 
major difference between cellulose and chitin is the source from which they are obtained. 
While cellulose is obtained from plant materials, chitin is derived from mostly marine 
invertebrates (crustaceans) and fungi. Although it is almost impossible to replace 
cellulose with another fiber matching it versatility and applications, the study on cellulose 
has opened vistas of research into other fibers and their applications. Chitin is one of the 
startling discoveries in the search for newer fibers with numerous novel applications.
According to its distribution, one polysaccharide that has made significant inroads 
in the field of carbohydrate research in this century is chitin. It has been termed as the 
second most abundant organic compound and the last exploitable resource for mankind in 
the twenty-first century. The applications in various fields ranging from medicine to 
environmental engineering make chitin the wonder fiber of this decade. As the quest for 
novel applications for chitin and its derivatives continues with a renewed interest, the 
world would realize the actual potential of this fiber previously considered as waste.Even 
though chitosan was first described in 1811 and named by Odier in 1823, chitin and 
chitosan are not as well known as the related biopolymer, “cellulose”, which has been
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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used commercially for quite some time (Sandford, 1989). Chitin is a safe, natural 
nitrogen containing polysaccharide found in the shells o f crustaceans, such as crab, 
shrimp, crawfish, and lobster, as well as in the exoskeleton of marine zoo-plankton, 
including coral and jellyfish, in the wings of butterflies, in the cell walls of yeast, 
mushrooms and other fungi. The fundamental difference that makes chitin unique among 
the multitude o f natural polysaccharides is the sharply basic characteristic while all other 
natural polysaccharides are either neutral or acidic.
Chemically, chitin is poly-p-( 1 -»4)-N-acetyl-D-glucosamine. It differs from 
cellulose in that the 2-hydroxy (OH) group of cellulose is replaced with an acetamide 
(NHCOCH3 ) group (Figure 1.1). The specific difference in structure with cellulose 
results in several beta-( 1 —>4)-2-acetamido-2-deoxy-D-glucopyranose structural units 
(GlcNAc). Chitin can be processed into many derivatives, the most readily available 
being chitosan. The presence of the acetamido group makes chitin and it derivatives 
basic and gives it unique properties such as solubility in various media, high viscosity, 
polyelectrolyte behavior, membrane forming ability and polysalt formation.
1.1. Structure of Chitin and Chitosan
Their optical and structural properties are due to the presence of regularly spaced amino 
groups on the polyanhydroglucose chain (Muzzarelli, 1977). Chitin is generally accepted 
to be a linear polymer comprised of 2-acetylamino-D-glucose units. Chitosan, however, 
is less easily defined in terms of exact chemical composition. The term “chitosan” may 
be considered as referring to a family o f polymers derived from chitin that has been 
deacetylated to provide sufficient free amino groups to render the polymer soluble in 
certain aqueous acid systems (Filar and Wirick, 1978).











Figure 1 .1 - Comparative chemical structures of chitin, chitosan, and cellulose
Chitosans possess varying levels of free amino groups which are capable of strong 
H-bonding and ionic interaction (Shahidi, 1995). The difference between chitin and 
chitosan lies in the degree of deacetylation (Li et al., 1992). Molecular weight of native 
chitosan is usually larger than one million daltons while commercial chitosan products 
fall between 1 0 0 , 0 0  and 1 ,2 0 0 , 0 0 0  daltons.
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The main driving force in the development of new applications for chitosan lies in 
the fact that the polysaccharide is not only naturally abundant, but it is also nontoxic and 
biodegradable. Unlike oil and coal, chitosan is a naturally regenerating resource (e.g., 
crab and shrimp shells) that can be further enhanced by artificial culturing (Li et al., 
1992).
1.2. Occurrence and Potential Sources
The availability o f chitin from seafood processing byproducts has fueled thoughts 
of feasibility studies for commercial exploitation from other natural resources. The 
sources of chitin are varied covering many genera in the animal kingdom and a vast 
majority of fungi. There is similarity between the occurrence of chitin in the animals and 
in the fungi from the positional point of view. In both of these groups, chitin occurs as 
the main structural polysaccharide. Chitin is the main structural polysaccharide of most 
invertebrates belonging to the Protostomia. Arthropods are the best-known and most 
important class of chitin producing animals; the dry organic matter of their cuticles may 
contain up to 80% chitin. Besides the arthropods, a relatively large amount o f chitin may 
be found in the setae of annelids (from 20 to 38% of dry weight), in the skeleton of the 
colonies of bryozoans, and in the shells and other structures such as jaws, radulae, and 
gastric shield of many mollusks species (up to 7% of the dry organic matter in gastropods 
and bivalve shells, and up to 26% in cephalopods). In some other groups, such as 
nematodes and rotifers, chitin is present only in the egg envelopes. Animal sources are 
the ones from which the commercial chitin and its famous derivative chitosan are 
produced currently. The sources from which chitin and chitosan can be produced 
industrially are crustaceans, insects, molluscs and thallopytes either harvested from 
natural environments or artificially cultured.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Crustacean shells from crab, shrimp, and lobster are the richest source of chitin as 
well as being the only source presently available in quantities sufficient to support a 
commercial chitin/chitosan industry (Johnson and Peniston, 1982) (Table 1.1). From the 
seafood processing byproducts, 1 .2 X 1 0 s metric tons o f chitin can be produced annually 
on a worldwide basis (Knorr, 1991). Global annual production of shell wastes from crab, 
lobster, shrimp, krill, and clam/oyster, calculated on a dry weight basis, is estimated at 
1.44 million metric tons (Knorr, 1991). Furthermore, crab and shrimp shell wastes in the 
United States alone could annually provide about 600 and 39,000 metric tons of chitosan 
and chitin, respectively (Knorr, 1991).
Chitin is also present in the vast majority of fungi as the principal fibrillar polymer of the 
cell wall. Its main function is to provide rigidity and shape to the cell wall. Fungi 
belonging to the classes Schizomycetes, Myxomycetes and Trichomycetes do not contain 
chitin as their structural polymer. Euascomyecetes are the fungi that contain the highest 
amounts o f chitin (Herrera, 1978). Commercial exploitation of fungi and extraction of 
chitin has been done on a laboratory scale, and is being actively considered for scale-up. 
Fungi could provide 3.2X104  metric tons of chitins annually (Brine, 1984).
Main source of chitin and chitosan in the immediate future will be crustacean processing 
byproducts generated by the seafood industries worldwide. Cultured fungi capable of 
synthesizing chitin alone or in association with chitosan will probably provide the major 
supply thereafter, although rearing insects for large-scale commercial production of these 
polysaccharide is a distant possibility.

















Table 1.1- Crustacean sources for commercial chitin and chitosan isolation























Anderson et al. (1978)
Rhazi et al. (2000)
Rutherford and Austin (1978) 
Shahidi and Synowiecki (1991) 
Rutherford and Austin (1978) 
Rhazi et al. (2000)
Allan etal. (1978)
Rutherford and Austin (1978) 
Rhazi et al. (2000)
Rhazi et al. (2000)











































Rutherford and Austin (1978); 
Shahidi and Synowiecki (1991). 
Rutherford and Austin (1978) 
Rhazi et al. (2000)
Rhazi et al. (2000)
Rhazi et al. (2000)
Rhazi et al. (2000)
Rhazi et al. (2000 
Rhazi et al. (2000)
No and Meyers (1992)
Romaire and Lutz (1989)
Rhazi et al. (2000)
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13. Chitin Complexes
Chitin occurs naturally in association with protein. Chitin-protein complexes of several 
crustacean species show great variability in ratio o f chitin to covalently bound protein 
and in residual protein in purified chitin. Austin et al. (1981) concluded that each species 
has its own protein binding matrix and that no simple relationship exists between chitin 
content and the amount o f covalently bound protein. Hackman (1960) studied samples of 
chitin prepared from the cuticles o f insects, Crustacea, cuttlefish shell, and the pen of 
squid. Protein was covalently bound to chitin in every case forming stable glycoproteins. 
Glycoproteins from different sources differ in the ratio of chitin to protein from 1:1 to 
1:20. The protein appeared to have been linked to the chitin through aspartyl or histydyl 
residues or both. The association of chitin and proteins in crustaceans suggests that chitin 
does not occur uncombined with proteins.
1.4. Production of Chitin and Chitosan
1.4.1. Chemical Isolation of Chitin and Chitosan
Crustacean shell waste contains 30-40% protein, 30-50% calcium carbonate, and 
20-30% chitin on a dry mass basis (Johnson and Peniston, 1982), although these 
proportions vary with species and season (Green and Kramer, 1984). Traditional 
isolation of chitin from crustacean shell waste involves three basic steps: 1 ) 
demineralization of calcium carbonate and calcium phosphate, 2) deproteinization, and 3) 
decoloration. Our recent studies showed that the first two steps (demineralization and 
deproteinization) can be conducted in a reverse order (Rout and Prinyawiwatkul, 2001). 
The subsequent conversion of chitin to chitosan is achieved by treatment with 
concentrated sodium or potassium hydroxide (40-50%) at 100°C or higher to remove 
acetyl groups from the polymer (No and Meyers, 1997).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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If the final product is chitin and its color is not commercially acceptable, then the 
third step, removal of colored pigment to produce a white or commercially acceptable 
form o f chitin, is followed. If protein recovery is o f major concern then deproteinization 
is conducted before demineralization to maximize protein yield and quality (Johnson and 
Peniston, 1982).
I.4.I.I. Demineralization
Demineralization is achieved by extraction with dilute hydrochloric acid at room 
temperature with agitation to dissolve calcium carbonate as calcium chloride. However, 
there are many variations of the demineralization process, such as use of higher 
concentration and also 90% formic acid to achieve demineralization. Crawfish shells are 
demineralized with IN HC1 for 30 min at ambient temperature with a solid to solvent 
ratio o f 1:15 (w/v) (No et al., 1989). The ash content of the demineralized shell is an 
indicator of the effectiveness of the demineralization process. Bough et al. (1978) 
studied the effects of manufacturing variables on the characteristics of chitosan produced 
from shrimp shells. Elimination of demineralization resulted in products having 31-36% 
ash. Prolonged demineralization is not effective in removing further minerals but can 
cause polymer degradation. The amount of acid must be stoichiometrically equal to, or 
greater than, all minerals present in the shell to ensure complete demineralization 
(Johnson and Peniston, 1982; Shahidi and Synowiecki, 1991).
During demineralization, undesirable foams are produced due to CO2  generation 
and may limit large-scale demineralization, as the volume taken up by the resulting foam 
is excessive. To reduce foam formation, No et al. (1998) used commercial antifoam 
(10% solution o f active silicone polymer, no emulsifier), and demonstrated that 1.00 mL 
of antifoam/L of IN HC1, was more efficient during demineralization with smaller shell
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
particle size of less than 0.425 mm and under a slightly faster stirring speed at 300 rpm. 
Furthermore, they observed that deproteinization followed by demineralization is better 
to limit the amount of antifoam required. For a laboratory scale preparation of chitin 
from crawfish shell, Rout and Prinyawiwatkul (2001) observed that the excessive foam 
was controlled by slow addition o f crawfish shells to IN HC1 during demineralization. 
The foam was dispersed by continuous circular motion with a glass rod along the inner 
wall of the beaker. Foam production follows a pattern: upon addition of crawfish shells, 
massive amount of brisk and persistent foam is immediately generated but once the initial 
foam had subsides the subsequent foam is reduced, but stirring should be continued.
When deproteinization was conducted first, followed by demineralization, there 
was foam formation, but the pattern was very different. Foam was not persistent and 
subsided in far less time during demineralization. Similar observations were made by No 
et al. (1998).
I.4.I.2. Deproteinization
Crustacean shell waste is ground and treated with dilute sodium hydroxide solution (1- 
10%) at elevated temperature (65-100°C) to dissolve proteins. During the 
deproteinization process, foam formation takes place, but not as brisk and intense as in 
demineralization. Deproteinization can also be achieved using dilute potassium hydroxide 
(Shahidi and Synowiecki, 1991). Proteolytic enzymes can also disintegrate protein from 
chitin-protein complexes (Shimahara et al., 1982).
There are several variations of the process depending on the crustacean species, 
the association of chitin and protein in the crustacean shells, and the acceptable level of 
protein contaminant in the isolated chitin, as it is impossible to prepare pure chitin with 
no trace of protein. No and Meyers (1997) summarized different deproteinization
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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protocols used during the isolation of chitin. In our studies, crawfish shells or 
demineralized shells, depending upon the production sequence, were deproteinized with
3.5 % NaOH at 65°C with a solid to solvent ratio of 1:10 (w/v) for 2 h.
1.4.13. Decoloration
Acid and alkali treatments alone produce a colored chitin product. For commercial 
acceptability of chitin from crustacean sources, the product needs to be decolorized or 
bleached to yield white chitin. Pigment in crustacean shells forms complexes with chitin. 
The level of association of chitin and pigments varies among species. The stronger the 
bond, the more harsh the treatment required to prepare a white chitin product. During 
decoloration, the chemical used should not affect physicochemical or functional 
properties of chitin and chitosan. The protocol to prepare commercially acceptable 
crustacean chitin may vary, although acetone is a commonly used solvent during 
decoloration. Since bleaching reduces the viscosity of the final chitosan product, it is not 
desirable to bleach the material at any stage (Moorjani et al., 1975). The presence of 
astaxanthin and strong association of astaxanthin and chitin in crawfish makes crawfish 
chitin isolation a particularly interesting case. Our studies (Rout and Prinyawiwatkul, 
2 0 0 1 ) suggested that demineralized or deproteinized crawfish shells or crawfish chitin in 
wet condition can be decolorized with a slight modification of the procedure by No et al. 
(1989). Decoloration step was achieved by using a 3 % NaOCl with a solid to solvent 
ratio o f 1 : 1 0  (w/v) for 1 0  min at ambient temperature with stirring. 
i.4.1.4. Deacetylation
Deacetylation is achieved by treatment with concentrated (40-50%) sodium or potassium 
hydroxide solution at 100°C or higher for at least 30 min. The N-acetyl groups cannot be 
removed by acidic reagents without hydrolysis of the polysaccharide, thus, alkaline
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methods must be employed (Muzzarelli, 1977). Depending upon the production 
sequence, deacetylation can be achieved by reaction of demineralized shells or crawfish 
chitin with 50% NaOH (w/w) solution at 100°C for 30 min in air using a solid to solvent 
ratio of 1:10 (w/v). However, there are several protocols for deacetylation to produce 
chitosan, which include of thermo-mechano-chemical technology (Pelletier et al., 1990), 
water-miscible organic solvents as diluents (Batista and Roberts, 1990), alkali 
impregnation (Rao et al., 1987), and use of thiophenol to trap oxygen during 
deacetylation (Domard and Rinaudo, 1983).
The purpose of deacetylation is to prepare chitosan which is not degraded and is 
soluble in dilute acetic acid, in minimal time. Several critical factors affect chitosan 
solubility, including temperature and time of deacetylation, alkali concentration, prior 
treatments to isolate chitin, atmosphere (air or nitrogen), ratio of chitin to alkali solution, 
and particle size. Access to oxygen during deacetylation of chitin degrades the chitosan 
product. Deacetylation in the presence of nitrogen yields chitosans of higher viscosity 
and molecular-weight distributions than in air (Bough et al., 1978). Treated chitosan had 
similar nitrogen content, degree of deacetylation, and molecular weight but significantly 
higher viscosity. Although it is difficult to prepare chitosan with deacetylation greater 
than 90% without chain degradation, Mima et al. (1983) developed a method for chitosan 
having a deacetylation of up to 1 0 0 %, without serious degradation by intermittent alkali 
treatment and washing.
For a large-scale preparation of chitosan, the process of deacetylation needs to be 
simplified without compromising the desired features of chitosan. No et al. (2000) used 
autoclaving (15 psi/ 121°C) to deacetylate chitin to prepare chitosan under different 
NaOH concentrations and reaction times. Effective deacetylation was achieved by
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treatment at an elevated temperature and pressure with 45% NaOH for 30 min with a 
solid: solvent ratio o f 1:15.
1.4.2. Enzymatic Isolation of Chitin and Chitosan
The enzymatic conversion o f chitin to chitosan is achieved by using chitin-N- 
deacetylase (EC 3.5.1.41). Preparation o f chitin and chitosan oligosaccharides that have 
important biomedical applications is is achieved by catalysis with a set o f enzymes. The 
enzymatic isolation as well as degradation of chitin and chitosan are shown in Figure 1.2. 
Chitinase (EC 3.2.1.14) and lysozyme (EC 3.2.1.17) catalyze the hydrolysis of chitin, and 
chitosanase (EC 3.2.1.132) catalyzes chitosan to produce chitin and chitosan 
oligosaccharides. These enzymes are widely distributed in the tissues of plants, animals, 
insects, and microorganisms in the soil-, hydro- and biospheres of the earth (Hirano, 
1996).
1.5. Production of Chitin and Chitosan from Crawfish Shells
There are several steps in chitin and chitosan production from crawfish shells that 
involve intermittent washing and drying. A large amount of liquid chemical waste is 
generated which has to be recycled. By reducing the number of steps, the process could 
be more feasible and be environmental friendly. Numerous researchers (Hackman, 1960; 
Attwood and Zola, 1967; Austin et al., 1981; Brine and Austin, 1981) have reported that 
protein is bound covalently to chitin forming stable complexes.
It is nearly impossible to prepare pure chitin without residual protein (No and 
Meyers, 1989). Elimination o f deproteinization would yield demineralized chitin which 
contains all the proteins. If the primary objective is to produce chitosan through 
deacetylation using 50% NaOH, the deproteinization step may not be necessary, because
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Crustacean shells
Chitin deacetylase (EC 3.5.1.41)










Figure 1.2 - Enzymatic isolation of chitin and chitosan (Hirano, 1996) 
deacetylation step involves harsh treatment with concentrated sodium hydroxide (40- 
50%) usually at 100°C or higher for 30 min.
This treatment denatures most proteins in free or bound form. The subsequent 
washing and drying steps ensure the removal o f the denatured protein. If denatured 
proteins remain attached to chitosan after washing, they may help in film formation.
Compared to chitin, chitosan has many uses in fields ranging from environmental 
decontamination to biomedical applications. The film forming ability of chitosan is of 
particular interest. Proteins are good film formers and even denatured proteins help in 
gel/film formation. Therefore we present a simplified scheme of traditional production of 
chitosan (Figure 1.3) from crawfish shells where the deproteinization and decoloration 
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1.6. Properties of Chitosan
Chitosan is a collective name given to a group o f polymers deacetylated from 
chitin. The difference between chitin and chitosan lies in the degree o f deacetylation.
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Figure 1.3 - Traditional crawfish chitosan production flow scheme (Meyers et al., 1989)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Wet Crawfish Shell 
1
Washing and Drying 
Grinding and Sieving
DemineralizatHH*
Filtering, Washing and Drying
Deacetylation
Washing and Drying
IN HC1 for 30 min 
at room temp, solid: 
solvent (1:15, w/v)
50% NaOH for 30 
min at 100°C with 
solid: solvent ( 1 : 1 0 , 
w/v) in air.
Chitosan
Figure 1.4 - Modified crawfish chitosan production flow diagram 
Generally, the deacetylation reaction for conversion of chitin to chitosan cannot reach 
completion in an alkaline solution. The degree of deacetylation usually ranges from 70% 
to 95%, depending on the method used. The criterion for distinguishing between chitin 
and chitosan is the solubility of the polymer in dilute aqueous acid: chitin is insoluble 
while chitosan forms viscous solutions and the degree of deacetylation of chitosan is < 40 
(Peter, 1995). Chitosan is insoluble in water, alkali, and organic solvents, but soluble in 
most solutions of organic acid when the pH is less than 6 . Acetic and formic acids are 
two o f the most widely used acids for dissolving chitosan. Some dilute inorganic acids 
such as nitric acid, hydrochloric acid, perchloric acid and H3PO4 , can also be used to 
prepare chitosan solutions, but only after prolonged stirring and warming (Li et al., 
1992). One of the most important properties o f chitosan is chelation. Chitosan can 
selectively bind materials such as cholesterol, fats, metal ions, proteins, and tumor cells.
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Chelation has been applied to areas of food preparation, health care, water improvement, 
and pharmaceutics (Li et al., 1992).
1.6.1. Degree of Deacetylation
Degree of deacetylation (DD) is defined as the average number of D-glucosamine units 
per 100 monomers expressed as a percentage (Sabnis and Block, 1997). Chitosan is 
probably one of the most widely used biopolymers and finds applications in diverse 
sectors such as environmental engineering to biomedical fields. The applications depend 
primarily on its physical, chemical and biological properties. In many of these 
applications, solubility o f the polymer is required and affected by DD. Concentrated 
acetic acid solutions at high temperature can cause depolymerization of chitosan (Roberts 
and Domszy, 1982). Freeze-dried chitosan salts offer the advantage of being soluble in 
water at neutral and basic pH solutions and may also be cast into films.
As a linear polyelectrolyte, chitosan has both reactive amino and hydroxyl groups. 
Its physical and solution properties change with the surrounding chemical environment 
When the pH is less than 6.5, chitosan in solution carries a positive charge along its 
backbone, thus making it possible for use in many biomedical applications. With the 
cationic nature, it can be attracted or bound to negatively charged tissues, skin, bone, and 
hair.
Degree of deacetylation is becoming an important property of chitosan, as it 
determines how the biopolymer can be applied (Tan et al., 1998). It has been found to 
influence the physical and chemical properties (Illanes et al., 1990) and the biological 
activities of chitosan (Hisamatsu and Yamada, 1989).
There are several methods available for determination of DD of chitosan, namely 
nuclear magnetic resonance (NMR), linear potentiometric titration (LPT), ninhydrin test,
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Fourier Transform Infrared (FTIR) spectroscopy, and first derivative UV- 
spectrophotometry. Conventionally, the degree of deacetylation has been determined 
from amino residue analysis by colloid titration (Terayama, 1952; Toei and Kohara,
1976), carbon/nitrogen ratio by elemental analysis, and absorbance ratio of infrared 
spectra (Moore and Roberts, 1980; Baxter et al., 1992; Sabnis and Block, 1997).
Chitosan is extremely hygroscopic, hence it is very difficult to completely eliminate the 
effect of moisture in these conventional methods (Hirai et al., 1991). In the case of 
colloid titration a large amount o f sample has to be used.
In titrimetric methods, two procedures are normally used for estimation of degree 
of deacetylation of chitosan samples: one is the acidic hydrolysis of the acetamide group 
and subsequent titration o f the liberated acetic acid and the other is acidimetry of the 
amino group. These procedures are relatively complex and time consuming, though they 
have good accuracy (Sannan et al., 1978). Most o f these methods are of limited value 
since they can be used only if chitosan can be dissolved in a suitable aqueous solvent 
(Rout and Prinyawiwatkul, 2001).
IR spectroscopy, first proposed by Moore and Roberts (1980) has a number of 
advantages; it is relatively quick and, unlike the titrimetric or other spectroscopic 
methods (Aiba, 1986; Domard, 1987), does not require purity of the sample to be 
determined separately. Furthermore, it has been shown to have acceptable level of 
precision, at least with highly deacetylated samples (Baxter et al., 1992).
Degree of deacetylation was also found to be an important factor in the 
emulsification properties o f chitosan. All chitosan emulsions were found to be highly 
stable with temperature changes and aging. The optimum chitosan DD for sunflower oil
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emulsification were 81 and 89 (Del Blanco et al., 1999). Chitosans with intermediate DD 
were less effective emulsifiers while chitosans with higher DD gave poor emulsification.
1.6.2. Molecular Weight
The molecular weight of chitin varies with the sources and also the methods of 
preparation. The maximal depolymerization occurs when hydrochloric acid is used, 
followed by acetic acid and sulfuric acid, with minimal degradation with EDTA. The 
molecular weight of native chitin is usually larger than one million Daltons, while 
commercial chitosan products fall between 100,000 and 1,200,000 Daltons (Li et al., 
1992). In general, high temperature, dissolved oxygen, and shear stress can cause 
degradation of chitosan. At temperature over 280°C thermal degradation of chitosan 
takes place and the polymer chains rapidly break down. The molecular weight of 
chitosan can be determined by methods such as chromatography (Bough et al., 1978), 
light scattering (Muzzarelli, 1977), and viscometry (Maghami and Roberts, 1988).
1.6 J .  Viscosity
The viscosity of chitosan in solution is influenced by the degree of deacetylation, 
molecular weight, concentration, ionic strength, pH, and temperature. With increase in 
temperature, variation in viscosity is observed. Both the degree of deacetylation and 
molecular weight affect the viscosity of chitosan in solution (Samuels, 1981). The 
viscosity of chitosan tends to increase with decreasing pH in acetic acid but decrease 
with decreasing pH in HC1. Intrinsic viscosity of chitosan is a function of the degree of 
ionization as well as ion strength. No and Meyers. (1999) studied the effects of physical 
(grinding, heating, freezing, autoclaving, ultrasonification) and ozone treatments on the 
viscosity of chitosan. The viscosity of chitosan is affected by all the physicochemical 
treatments, and except for freezing, decreases with an increase in treatment time and
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temperature. Chitosan solution stored at 4°C was found to be relatively stable in terms of 
viscosity.
Viscosity is an important property which aids in the conventional determination 
of molecular weight o f chitosan. No and Meyers (1999) determined of chitosan viscosity 
using pipettes. The viscosity of chitosan could be accurately estimated from the linear 
regression equations by measuring flow times based on pipette delivery. In the absence 
of a viscometer or for routine analysis this method of determination of chitosan viscosity 
seems to be a better alternative.
1.6.4. Bulk Density
The bulk density of chitin from shrimp and crab was 0.06 and 0.17 g/cm3, 
respectively (Shahidi and Synowiecki, 1991), indicating that shrimp chitin is more porous 
than crab chitin. Krill chitin was found to be 2.6 times more porous than crab chitin 
(Anderson et al., 1978). Among the crawfish chitin, chitosan, and processing 
intermediates, the highest bulk density of 0.25 g/cm3 was observed (Rout and 
Prinyawiwatkul, 2001). Among the crab and crawfish chitins, crab chitin had the highest 
bulk density (0.18 g/cm3), but there were no significant differences. Crawfish shell as the 
starting material for chitin and chitosan was found to have the highest the bulk density 
(0.39 g/cm3); this may be due to the porosity of the material before treatment. But once 
crawfish shell had been demineralized or deproteinized there were minor variations in 
bulk density among chitin and chitosan produced (Rout and Prinyawiwatkul, 2001).
We observed that with increased degree of deacetylation, there was a decrease in 
bulk density. Comparing the bulk densities of crawfish and commercial chitin and 
chitosan, there seems to be variation attributed to species or source of chitin and chitosan 
and the methods of preparation (Brine and Austin, 1981; Cho et al., 1998). The bulk
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density of crawfish chitin, chitosan, processing intermediates and commercial samples 
were found to have variations as also reported by Cho et al. (1989).
1.6.5. Solubility
Chitin is insoluble in water, dilute aqueous salt solutions, and most organic 
solvents. It is depolymerized by strong mineral acids, but is partially soluble in mixtures 
o f dimethylacetamide (DMAc) and lithium chloride (LiCl) (No and Meyers, 1995). The 
list of acids in which chitosan is soluble includes formic, acetic, propionic, oxalic, 
malonic, succinic, adipic, lactic, pyruvic, malic, tartaric and citric. Chitosan is soluble in 
dilute nitric and hydrochloric acids and marginally soluble in phosphoric acid and is 
insoluble in sulfuric acid at any concentration at room temperature (Filar and Wirick, 
1978). Both degree of deacetylation and molecular weight do affect the degree of 
solubility (Samuels, 1981).
1.6.6. Nitrogen Content
The nitrogen contents o f chitin and chitosan from various crustacean species are shown in 
Table 1.2 and 1.3. Chitin occurs naturally in association with proteins. The covalent 
bonding between chitin and protein is very strong in the crustacean shells and it may be 
impossible to prepare pure chitin without some residual protein present A nitrogen 
value higher than the theoretical value of 6.9% is an indication of deacetylation or of 
incomplete removal of protein, whereas a lower value indicates hydrolytic deamination or 
contamination of the product (Rutherford and Austin, 1978).
1.6.7. Water Binding Capacity (WBC)
Water binding capacity ranged from 423 to 648 % for chitins, and ranged from 581 to 
1150 % for chitosans. From the comparative WBC results it was evident that 
deacetylation increased the water binding capacity of chitin.
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Table 1.2 -  Nitrogen content of chitin from various crustaceans
Source Nitrogen* (%) Reference
Crab Shell 6.42 Shahidi and Synowiecki (1991)
Shrimp 6.29 Shahidi and Synowiecki (1991)
Lobster 6.9 Shahidi and Synowiecki (1991)
Crawfish 7.01 No et al. (1989)
Crawfish 6.79 Rout and Prinyawiwatkul (2001)
’Nitrogen reported on a moisture-free and ash-free basis.
Table 1.3 - Nitrogen content of chitosan from various crustacean sources
Source Nitrogen* (%) Reference
Squid pen chitosan 7.5 Shepherd et al. (1997)
Crab chitosan 7.2 Shepherd et al. (1997)
Shrimp chitosan 7 Cho et al. (1998)
Crawfish chitosan 7.3 Rout and Prinyawiwatkul (2001)
’Nitrogen reported on a moisture-free and ash-free basis.
The other trend that we observed during the WBC study of crawfish chitin was 
that reversing the sequence of steps such as demineralization and deproteinization during 
the production of chitin had a pronounced effect on WBC (Rout and Prinyawiwatkul, 
2001).
When deproteinization (DP) of demineralized shell is conducted to produce 
chitin, the WBC is higher compared to the process where demineralization precedes 
deproteinization. When decoloration or bleaching was conducted to prepare crawfish 
chitin or chitosan there was a decrease in WBC of both chitin and chitosan in comparison
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to unbleached crawfish chitin and chitosan. During deacetylation, acetyl groups are 
removed from the chitin polymeric structure, exposing the -NH 2 . The increase in WBC 
could be attributed to the changes in chitin during the preparation of chitosan.
The average WBC of crawfish chitins was 575 %, while average WBC for 
crawfish chitosans was 644 %. The average WBC for all chitin samples was 545 %, 
while the average WBC for all chitosan samples was 702 %. Similar trends were found 
in the WBC of commercial crab chitin and chitosan samples. Cho et al. (1999) also 
reported that WBC of chitosan was higher than that of chitin. In our water binding 
capacity experiments we used microcrystalline cellulose for comparison with the WBC of 
chitin and chitosan. The microcrystalline cellulose had a WBC of 296%. The difference 
between the WBC of cellulose and chitosan could be due to their chemical structure.
They have similar chemical structure except that chitosan has -NH 2 groups instead of -  
OH groups in the polymeric structure. Knorr (1982) reported that the differences in 
water binding properties between chitin and chitosan were possibly due to dissimilarities 
in crystallinity, the amount of salt forming groups, and the residual protein content of the 
products.
1.6.8. Fat Binding Capacity (FBC)
The average FBC of crawfish and commercial crab chitosan for soybean oil was 
706 % and 587 %, respectively, while that o f cellulose was 314%. The addition of the 
decoloration step during the production of chitosan was found to decrease the fat binding 
capacity of crawfish chitosans (Rout and Prinyawiwatkul, 2001). Decoloration 
(bleaching) had been shown to affect the viscosity of chitosan (Mooijani, 1975). The 
decreased viscosity may be related to the decrease in fat binding capacities.
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Changing the sequence of steps during the production of crawfish chitosan, with 
demineralization (DM) conducted prior to deproteinization (DP), caused an increase in 
fat binding capacity, in comparison to DP prior to DM. Commercial chitosans varied in 
their FBC even though all were prepared from crab shells. The degree of deacetylation is 
a very important property that affects the physical, functional and spectroscopic 
properties of chitosan. Among commercial samples, chitosan with a DD of 80 showed 
the maximum FBC followed by those with DD of 75,91 and 85.
1.6.9. Analytical Methods
The physicochemical properties o f chitosan together with the analytical methods 
for evaluation are comprehensively listed in Table 1.4.
1.7. Applications
The number of current and future applications make of chitin and chitosan very 
beneficial fibers. It is difficult to categorize all the applications of chitin and chitosan, 
but a list of applications according to their usage in a particular field is shown in Table
1.5.
1.7.1. Wastewater Treatment - Removal of Metal Ions
Chitosan binds to metal ions due to its chelating properties and this allows removal from 
waste streams or contamination sites. While chitosan and humic substances form 
relatively stable organo-metal complexes, chitin-metal complexes are unstable 
(Subramanian, 1978). Further, cross-linked chitosan in experimental studies showed very 
promising results. The cross linking improves chitosans’s stability and prevents its 
degradation upon extended and repeated use, and imparts insolubility in acids (Marsi and 
Randall, 1978). Among the metal ions adsorbed by chitosan, heavy metals are the ones 
removed with highest efficiency.

















Table 1.4 - Physicochemical properties of chitosan and analytical methods for evaluation
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Table 1.5 -  Industrial applications of chitosan
Area/Industry Applications
Wastewater treatment







•  Food processing
•  Potable drinking water
Environmental Decontamination


































•  Photographic paper
•  Coatings and fiber
Membrane
•  Permeability control
•  Reverse osmosis






•  Wound healing
•  Applications in anticancer therai
•  Bum healing
•  Bone healing
•  Surgical sutures
• Dental applications
• Drug delivery system
•  Intraocular and contact lenses
•  Clotting agent
•  Pharmaceuticals
1.7.2. Removal of Radioactive Wastes
Chitosan has been used for sorption of uranium from nuclear effluents. The mechanism 
of removal of nuclear wastes is as follows: the carboxylic sites and the amino acid sites of 
chitosan act directly by ion exchange or sorption of uranyl ions, respectively.
Remediation in both batch and continuous models have been tried successfully (Felse and 
Panda, 1999).
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1.7 J . Anticancer Therapy
Chitin and chitosan conjugates of 5-fluoro uracil have been used as therapeutic 
agents for tumors. All chitin and chitosan cojugates of 5-fluoru uracil were reported to 
have less side effects than normally used 5-fluoro uracil. Sulphated chitosan was shown 
to have high antithrombogenic activity. Sulphated, carboxymethyl chitin was used as an 
inert heparinoid for inhibition o f blood clotting, and carboxymethyl chitin also inhibited 
metastasis of B16-BL6 melanoma cells by about 80-85% (Felse and Panda, 1999).
Studies also indicated that chitin and chitosan oligomers inhibit the growth of tumor cells 
by immuno-enhancing effects (Jeon et al., 2000).
1.7.4. Flocculent/Coagulant (Protein, Dye and Amino Acids)
The wastewater released from food processing plants contains a significant 
amount of protein which is simply let out to waste as its recovery is time consuming 
process. The advent of chitosan as a material for absorbing the unutilized proteins from 
processing industries led to the realization of the amount o f protein that can be recovered 
from these waste streams. Wastewater from seafood processing industries, dairy 
industries or meat processing industries contains an appreciable amount of protein. 
Pathogenic microorganisms can grow rapidly on wastewater and pose safety and 
sanitation problems to the processing plant products and also to the personnel. The 
removal o f proteins with the use of chitosan from such waste streams will help the 
processing plants. Once recovered using chitosans, the proteins then can be easily dried 
and sterilized used as feed additives for farm animals.
Dyes are a highly dispersible aesthetic pollutant that may contribute to aquatic 
toxicity. They are difficult to treat and interfere with normal waste treatment procedures, 
as special care has to be taken while decolorizing to acceptable norms for release into the
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waste streams. By design, dyes are highly stable molecules, made to resist degradation by 
light, chemical, biological, and other exposures. Chitin and chitosan have been found to 
have extremely high affinities for dyes, which contribute to aquatic toxicity.
Chitosan’s ability to adsorp large amounts of organic chemicals has been known 
for sometime and it has been shown to have chelating properties. The abundance of 
amino acids in wastewater streams from food processing plants, and especially from 
cereal grains or from seafood-processing plants, contributed to one more application 
using chitosan’s ability to coagulate or flocculate pertinacious materials such as free 
amino acids. Chitosan has been found to be an excellent material for recovering amino 
acids from the effluents of the food processing plants.
No et al. (1989) studied chitosan’s ability as a coagulant for recovery of organic 
compounds from crawfish processing wastewater. They found that crawfish chitosan 
prepared from crawfish shell chitin coagulated suspended solids in the crawfish pigment 
extraction process stickwater as effectively as, or better than, two commercial chitosans 
and five synthetic commercial polymers at pH 6.0.
Chitosan-polyanion complexes have been used as coagulating agents for treating 
cheddar cheese whey. Chitosan-polyanion complexes used in flocculation of suspended 
solid wastes in cheese recovers over 70% proteins (Savant and Torres, 2000).
1.7.5. Cosmetics
The main area in cosmetics where chitosan has been used extensively is hair care. 
Commercial shampoos and conditioners with chitosan as the main ingredient are already 
on the market in Japan, U.S and Europe (Skaugrud, 1991). Advantages o f using chitosan 
in cosmetics are its abilities to form films with proteins. Compared with synthetic 
polymers, chitosan film is more stable at high humidity, and displays a lower tendency to 
adhere. It has also been found that hair treated with chitosan is less statically charged
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during brushing and combing than hair treated with traditional hair fixatives. One of the 
most important factors in cosmetics industry is that chitosan contains no harmful 
monomers from any polymerization step and is regarded as physiologically safe. The 
other applications of chitosan in the cosmetics industry are encapsulation of fragrances, 
pigments and active ingredients, special lotions, humectants and dental products for 
caries prevention and wound healing (Skaugrud, 1991).
1.7.6. Clarification of Beverages
Acid-soluble crab shell chitosan and water-soluble chitosan salt proved equally good as 
fining agents for apple or carrot juices. The one step chitosan application was also found 
to be equal in effectiveness to the more cumbersome conventional silica 
sol/gelatin/bentonite treatment, and 0.8 kg chitosan per m3 of apple juice was sufficient to 
reach zero turbidity (Knorr, 1991).
Beer contains protein which complexes with carbohydrates and tannin, the 
complexes are soluble in freshly made product, but on standing particularly at low 
temperatures, form a light precipitate known as chill haze. Finley et al. (1977) have 
successfully used chitin as a support matrix for immobilizing papain to chill-proof beer. 
Chitin offers several advantages which include comparably low-cost and the physical and 
flavor properties of the beverage are not affected.
1.7.7. Cell Immobilization
Chitosan is used as an immobilizing matrix for production of naturally-derived 
food ingredients through tissue culture. To attain high cell-to-cell contact they used 
complex coacervate capsules for immobilization. This capsule formation is achieved by 
interaction of two or more biopolymers of opposite charges such as chitosan and alginic 
acid. It was found that water-soluble chitosan proved to be an excellent material for an 
immobilization matrix for biosynthesis of naturally derived food ingredients such as
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vanilla. Chitosan is also a promoter o f release of intracellular metabolites in plant cells 
(Knorr and Miazga, 1987), which helps in recovery o f these ingredients and improves the 
downstream processing.
Poly (vinyl alcohol)/chitosan blended membrane was found to be more favorable 
for cell culture than pure PVA membrane. Cells cultured on Poly (vinyl 
alcohol)/chitosan blended membrane had good spreading, cytoplasm webbing and 
flattening and were more compact than on pure PVA membranes. Chuang et al. (1999) 
advocated the use of PVA/chitosan-blended membrane as a biomaterial for cell culture.
1.7.8. Enzyme Immobilization
Chitin has been used as the immobilization matrix for enzymes such as papain for 
chill proofing of beer. Chen and Weng (1983) conducted a feasibility study of shrimp 
shell chitin as a matrix for immobilizing glucose isomerase enzyme. After studying the 
enzyme kinetics and diffusion characteristics of five different types of reactors for 
glucose isomerase immobilization on shrimp shell chitin, they found that the use of 
radial-flow and fluidized-bed reactors for the immobilized system to be highly feasible.
Penicillin G acylase has been immobilized on chitosan matrix and the covalently 
bound enzyme retains good activity and appears to be stable through time (Braun et al., 
1988). a-chymotrypsin and acid phosphatase have been immobilized on chitosan 
without using any intermediate reagent. The immobilized enzymes were found to be 
more efficient than chitin-immobilized enzymes. Due to noncovalent interaction between 
chitosan and enzymes, the pure and active enzymes can be eventually recovered from the 
columns (Muzzarelli et al., 1976).
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1.7.9. Wound Healing
Wound healing is a complex process o f well orchestrated events. Failure o f 
cutaneous ulcers to heal is a considerable clinical problem that is accompanied by 
financial costs and emotional suffering (Kratz et al., 1997). Kratz et al. (1997) found that 
a positively charged chitosan mixed with negatively-charged heparin produces a stable 
complex that can be prepared in the form of beads, gels, fibers, or films. Heparin that is 
ionically linked to chitosan stimulates re-epithelialisation phase of wound healing. The 
stimulatory effect on wound healing by the heparin-chitosan complex was shown to be 
dependent on the dose of heparin. The study conclusively proved that heparin-chitosan 
complex stimulates re-epithelialisation of full thickness wounds in human skin. This 
holds considerable future for chitosan to be used as therapeutics.
1.7.10. Antimicrobial Properties
The effect of chitosan on respiration, ethylene production and quality attributes of 
tomato was investigated at 20°C (El Ghaouth et al., 1992). Coating with chitosan reduced 
the respiration rate and ethylene production, with greater effect at 2% than 1% chitosan. 
Coating increased the internal CO2  and decreased the internal O2  levels of tomatoes. 
Chitosan-coated tomatoes were firmer, higher in titratable acidity, less decayed and 
exhibited less red pigmentation than the control at the end of storage (El Ghaouth et al., 
1992c).
In another study the antifungal activity o f chitosan on postharvest pathogens of 
strawberry fruits was studied (El Ghaouth et al., 1992b). Strawberry fruits were 
inoculated with spore suspensions of Botrytis cinera or Rhizopus stolonifer and 
subsequently coated with chitosan solutions (10 or 15 mg/ml). After 14 days of storage, 
the decay caused by Botrytis cinera or Rhizopus stolonifer was markedly reduced by
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chitosan coating. Coating of intact strawberries with chitosan did not stimulate chitinase, 
chitosanase or (3-1,3-glucanase activities. Chitosan was found to be very effective in 
inhibiting spore germination, germ tube elongation, and radial growth of Botrytis cinera or 
Rhizopus stolonifer in culture (El Ghaouth et al., 1992a). Chitosan at a concentration 
greater than 1.5 mg/ml induced morphological changes in Rhizopus stolonifer. The 
mechanism by which the chitosan coating reduced the decay of strawberries appears to be 
related to its fungistatic property rather than its ability to induce defensive enzymes such 
as chitinase, chitosanase, and fM,3-glucanase (El Ghaouth et al., 1992a).
The effect o f a chitosan coating in controlling the decay of strawberries at 13°C 
was investigated as compared to a fungicide, iprodione (Rovaral®). The chitosan coating 
significantly reduced the decay of berries compared to the control. There was no 
significant difference between chitosan and fungicide treatments up to 21 days of storage. 
Thereafter, Rovaral®-treated berries decayed at a higher rate than chitosan-coated berries. 
Chitosan-coated berries stored at 4°C were firmer, and higher in titratable acidity, and 
synthesized anthocyanin at a slower rate than Rovaral®-treated or nontreated berries. A 
chitosan coating decreased respiration rate of the berries, with a greater effect at higher 
concentration (El Ghaouth et al., 1991).
The effect of chitosan preparations with different levels of deacetylation and other 
polyanions on the growth of post-harvest pathogens was investigated. Chitosan markedly 
reduced the radial growth of all the fungi tested, with a grater effect at a higher 
concentration. Chitosan was more effective than N, O-carboxymethylchitosan, 
polygalacturonate or D-glucosamine and its inhibitory activity appeared to increase with 
the level of deacetylation (El Ghaouth et al., 1992). The low-molecular weight chitosans
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have a greater inhibitory effect than high-molecular weight chitosan against 
phytopathogens (Hirano and Nagao, 1989).
The inhibitory effect o f chitosan on the growth of Aspergillus niger and the 
aflatoxin production o f Aspergillus parasiticus were evaluated in candied kumquat. The 
inhibitory effect of chitosan against A.niger increased as the chitosan concentration 
increased from 0.1 to S.O mg/mL (pH 5.4). The greatest inhibitory effect o f chitosan 
against A.parasiticus was found at 3.0-5.0 mg/mL. Additionally, chitosan could 
completely prevent aflatoxin production by Aparasiticus at the concentration of 4.0-5.0 
mg/mL. A concentration of 6.0 mg/mL of chitosan was required to maintain a mould-free 
shelf life of 65 days when the sugar concentration in the syrup was reduced from the 
traditional 65 °Brix to 61.9 °Brix at pH 4 (Fang et al., 1994).
The antimicrobial properties of chitosan glutamate was investigated in laboratory 
media and apple juice against 15 yeasts and moulds associated with food spoilage in 
order to assess the potential for using chitosan as a natural preservative. Chitosan 
reduced the growth rate of Mucor racemosus at lg/L, and completely prevented the 
growth of three strains of Byssochlamys spp. at a concentration of 5g/L on agar plates 
incubated at 25°C for 3 weeks. The presence of chitosan in apple juice (pH 3.4) at levels 
ranging from 0.1 to 5g/L inhibited growth at 25°C of all eight spoilage yeast examined. 
Growth inhibition and inactivation of filamentous moulds and yeasts, respectively, was 
concentration, pH, and temperature dependent Roller and Covill (1998) studied the 
antimicrobial properties o f chitosan glutamate, a derivative of chitin, against 15 yeasts 
and moulds associated with food spoilage in order to asses the potential of chitosan as a 
natural food preservative. The study confirmed that the antagonistic action of chitosan is 
directed against a select group of organisms and can vary considerably between genera,
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species, strains and even the same strains under different environmental conditions.
More research needs to be carried out to confirm the use of chitosan as a natural 
preservative for foods prone to fungal spoilage (Roller and Covill, 1999).
The antimicrobial properties of chitosan have been studied thoroughly on various 
fungi and bacteria. The antifungal activity of chitosan has been studied more extensively 
in Fusarium solani. Chitosan is also known to be a potential elicitor of many plant 
defense responses including the accumulation of chitinases, phytoalexin (pisatin) in pea 
pods, the synthesis of proteinase inhibitor in tomato leaves, lignification in wheat leaves 
and the induction of callose synthesis in cultured suspension cells (El Ghaouth et al., 
1992). The mechanism of antibacterial action of chitosan has not been fully understood, 
but water-soluble chitosan had been found to cause leakage of intracellular component of 
the bacterial cell (Sudarshan et al., 1992; Tsai and Su, 1999).
The antibacterial effects of sulfonated chitosans (N-sulfonated and N- 
sulfobenzoyl chitosan) were evaluated; sulfobenzoyl chitosan had excellent solubility and 
antibacterial activity. A high sulfur content in sulfonated chitosan was found to adversely 
affect its antibacterial activity (Chen et al., 1998).
Papineau et al. (1991) studied two commercially available water-soluble chitosan 
salts, chitosan lactate and chitosan hydroglutamate, against Escherichia coli V517, 
Stapylococcus aureus MF-31, and Saccharomyces cerevisiae 15. They found 
inactivation of each microbial population within 2 min of incubation with chitosan.
There was no synergistic effect observed in the antimicrobial activity when chitosan was 
used with high hydrostatic pressure.
The antimicrobial action of chitosan is influenced by intrinsic and extrinsic 
factors such as the type of chitosan (e.g. plain or derivative), degree of chitosan
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polymerization, host nutrient constituency, substrate chemical and/or nutrient 
composition, and environmental conditions such as substrate water activity (Cuero,
1999). Chitosan antimicrobial action is more pronounced on fungi and algae, followed 
by bacteria.
Chitosan coating was used to study the inhibition of Sclerotinia rot of carrots. 
Carrot roots coated with chitosan (2 to 4%) showed reduced incidence of Sclerotinia rots 
significantly (Cheah et al., 1997
N-Carboxybutyl chitosan displayed inhibitory, bactericidal, and candidacidal 
activities against 298 cultures of various pathogens (Muzzarelli et al., 1990). Marked 
morphological changes were observed on microbial cells that underwent N-carboxybutyl 
chitosan treatment.
Irradiation that causes chain breaking in the chitosan structure has also been found 
to enhance the antimicrobial activity of chitosan. Low doses irradiation, specifically 100 
kGy, of chitosan gives enough degradation to increase the antimicrobial activity as a 
result of a change in molecular weight (Matsuhashi and Kume, 1997).
Tsai and Su (1999) studied extensively the antibacterial activity of chitosan from 
shrimp against E.coli. They found that higher temperature and acidic pH increased the 
bactericidal effect of chitosan. Divalent cations reduced the anitbacterial activity of 
chitosan. The mechanism of chitosan antibacterial action involves a cross-linkage 
between polycations of chitosan and the anions of on the bacterial surface that changes 
the membrane permeability (Tsai and Su, 1999). Chitosan’s ability to inhibit microbial 
growth, form film and permeability to gases has excellent potential for chitosan to be 
used as antifungal coating material for post-harvest produces.
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1.7.11. Edible Films
The application of edible, protective coatings and films to prolong storage life of food 
products is not new. Coating o f oranges and lemons with wax to retard desiccation was 
started in China in the 12th and 13th centuries. Although these coating or films slowed 
water loss considerably they also inhibited the respiratory gas exchange to an extent that 
fermentation was induced (Fennema and Kester, 1986). Foods coating with wax and 
gelatin were patented in the 1800s. Non-edible materials generally offer superior 
qualities and, consequently there are few examples of edible protections for foods, which 
have been exploited industrially. Better examples are casings for sausages or other meat 
products, chocolate and sugar coatings for fruits. Sugar and chocolate coatings have a 
pleasant taste but they have the disadvantage of sticky or greasy surfaces and delaying 
consumption of the inside product. Collagen and casings for sausages or meat products 
are not water-soluble and have bad eating properties (Guilbert, 1986).
The above mentioned disadvantages of traditional coating led to the search for 
edible films or protective coatings. Rapid strides have been made in the last three 
decades on the preservation techniques with edible films and protective coatings and a 
fair amount of data have been generated and a number of patents have been issued in this 
field.
1.7.11.1. Advantages of Edible Coatings
The need for an edible coating materials has stressed to research effort on various 
materials, which can be the potential candidates. The advantages o f edible protective 
films are numerous and they have proved over the years to be one of the important ways 
of food preservation and a part o f the food being consumed. Following are the
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advantages for edible protective films over non-edible films according to (Weller and
Gennadios, 1990):
a) The edible films can be consumed with the packaged product. This is ideal, as there 
is no packaging material to be discarded, which minimizes effort of recycling and 
reduces environmental pollution.
b) Their cost is generally low.
c) The films can function as carriers for antimicrobials and antioxidant agents. In a 
similar application they also can be used at the surface of foods to control the 
diffusion rate of preservative substances from the surface to the interior of food.
d) The films can be very conveniently used for micro-encapsulation of food flavoring 
and leavening agents to efficiently control their addition and release into the interior 
of foods.
e) Their use in multilayer food packaging materials together with nonedible films. In 
this case, the edible films would be the internal layers having direct contact with food 
materials.
f) They can enhance the food’s sensory, mechanical or nutritional properties by 
supplying decorative effects, supplemental aroma, etc.
g) They can give individual protection to small pieces or portions of food material
h) They can be used inside a heterogeneous food providing a barrier between the 
components.
1.7.11.2. Desirable Qualities of Edible Films
Edible protective films can be arbitrarily defined as thin layers o f material which
can be eaten by the consumer and provide a barrier to moisture, oxygen and solute
movement for the food. The material can be completely coated on a food or can be
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disposed as a continuous layer between the food components (Guilbert, 1986) The two 
important properties o f films are mechanical and permeability properties. Mechanical 
properties of films with particular importance are impact strength, flexural strength, peel 
strength, flexibility, stability to temperature changes and resistance to many types of 
environmental and physical stresses. Permeability of edible films involves water vapor 
transmission, gas permeability (mainly oxygen), water and water sorption.
Plasticizers are an important class of compounds that are added to the films to 
reduce brittleness and increase flexibility, toughness and tear resistance. They lead to a 
decrease in intermolecular forces along the polymer chains that generally produce 
decrease in cohesion, tensile strength and glass transition temperature. Films commonly 
require plasticizers 10 to 60% (on a dry basis) depending on the rigidity 
of the polymer (Guilbert, 1986).
Modem edible protective films require:
a) Good moisture barrier properties to protect completely covered foods or if placed 
between components with different water activities to retard moisture equilibration in 
heterogeneous foods.
b) Good oxygen barrier properties
c) Good mechanical and sensory properties.
In addition to these properties for a commercial protective edible film, 
antimycotic or antioxygen agents could be added to these films to improve their qualities 
against the non-edible protective films.
Potential applications of edible films are numerous including individual 
protection of candies, dry fruits, nuts, cheese cubes, fish, meat pieces, frozen foods etc
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and control o f internal moisture or solute transfers in products such as pies, cakes, pizzas 
(frozen or fresh).
1.7.113. Materials for Edible Films
The groups of materials, which can be used for edible films, are as follows
a) Proteins (gelatin, casein, zein, etc.)
b) Polysaccharide: starch, alginate, pectin, carrageenan, dextrins, chitosan, and cellulose 
derivatives
c) Lipids: acetoglyceride, waxes, surfactants
d) Composite films
1.7.11.4. Polysaccharide Films: Properties and Applications
In order to understand the properties of chitosan as an edible film, the chemistry 
behind chitosan needs to be understood first. Following is a description of chitosan 
chemical composition, properties, potential sources and their candidacy for potential 
edible film forming compound.
Chitosan has the ability to inhibit microbial growth of most importantly fungi.
The films made from chitosan have two characteristics highly desirable to the food 
industry: they are biodegradable and they have low permeability to oxygen. At present, 
those beneficial characteristics o f chitosan film come at the expense of other desirable 
properties such as tensile strength. However, the application of genetic engineering 
techniques, can potentially change the distribution of molecular weights in chitosan, 
particularly that derived from fungi. That would permit scientists to change such 
characteristics o f film as tensile strength, flexibility, gas permeability and rate of 
degradation in the environment
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Crosslinking chitosan films with epichlorohydrin in alkaline conditions improves 
the film’s tensile strength by a factor up to 100, bringing it close to that of synthetics such 
as polyethylene and polypropylene that are used to package film. In addition cross-linked 
films have better wet-strength than non-crosslinked films. Studies indicate that films of 
higher molecular weight forms of chitosan are more brittle, even when plasticizer is 
added to them.
An alternative application in food packaging involves sprinkling chitosan powder 
on synthetic packaging films or spraying a chitosan solution on the film. If agents that 
increase viscosity are added, the material can be deposited on the film by letterpress. In 
these cases, the chitosan is an antibiotic or antimold treatment.
A comprehensive study on mechanical and barrier properties of edible chitosan 
films affected by composition and storage was conducted by Butler et al. (1996). They 
prepared the chitosan films with acetic acid solutions. They then studied different 
parameters such as oxygen permeability, water vapor permeability, ethylene 
permeability, and mechanical properties. Chitosan films formed with different acids 
under different conditions have different oxygen permeabilities and water vapor 
permeability coefficients (Caner et al., 1998). Chitosan coating has been shown to delay 
ripening of banana to 30 days. High molecular weight chitosan delayed ripening of 
banana to 25 days, reduced weight loss, degreening and changing of pulp texture (Setha 
et al., 2000).
The results obtained by the group studying the particular aspects o f edible 
chitosan films were very encouraging; the chitosan films had a slightly yellow 
appearance, with the color darkening as thickness increased. Films were highly 
transparent with slight distortions caused by shrinkage. The formed films were tough,
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durable, flexible and not easy to tear. When submerged in pure water, the films became 
rubbery but remained strong. Relative to commercial polymers, edible chitosan films 
were extremely good barriers to permeation of oxygen, while exhibiting relatively low 
water vapor barrier characteristics. Mechanical properties o f the films were comparable 
to many medium strength commercial polymer films. Slight changes found with respect 
to mechanical properties were observed upon storage. Kam et al. (1999) studied the 
effects of storage on the physical, mechanical, sensory properties of chitosan films. 
Intense coloration of the chitosan films was observed after months of storage and also 
when chitosan films were subjected to saturated steam or dry heat at high temperatures. 
Degree of deacetylation was also found to be a significant factor in the changes that occur 
during the storage of chitosan films.
Environmental damage may occur through improper disposal of petrochemical 
based plastics (Knorr, 1991). The biodegradability of chitosan is one of the most 
important features for consideration of chitosan as a potential candidate for future 
packaging material. The advantages for edible films are numerous and they themselves 
provide a great means of food preservation. The search for newer material with relative 
abundance like chitin which is termed as the second most abundant organic material on 
earth is a quantum jump in that direction. The formation o f chitosan from chitin and the 
fact is that chitosan is edible makes it viable for such a proposition. Chitosan is used for 
control of psychotropic pathogen in fresh/processed meat and fish products packaged 
under modified atmosphere (Smith et al., 1994).
According to Charles et al. (1994), the most important potential application of 
chitosan will be in the area of fruit preservation. According to their estimates, 25% of the 
harvested fruits and vegetables is lost each year due to spoilage. Most of this is caused by
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rot fungi. Fungicides have been a major means of controlling them but over the years the 
pathogens have developed resistance against these agents. Further edible coatings 
improve appearance and extend the shelf life of fresh and lightly processed fruits and 
vegetables. These coatings provide a barrier to water and gas movement, resulting in less 
desiccation and creation o f a modified internal atmosphere within the commodity. 
Modified atmospheres are created by fruit biochemical reactions within the coating and 
result in delayed ripening of certain types of produce (Elizabeth, 1995).
Chitosan has the potential as a coating agent to preserve fruit. N,0- 
carboxymethyl chitosan, a derivative made when chitosan reacts with monochloroacetic 
acid, forms a strong film that is selectively permeable to such gases as oxygen and carbon 
dioxide. Apples coated with the material remain fresh for six months. The film can be 
removed by washing with water before consumption of fruits. Chitosan’s antifungal 
properties coupled with its excellent coating abilities make it a potential candidate for 
edible coating agent in the future. Further research needs to be carried out on edible 
chitosan films to ensure commercial success.
1.7.12. Drug Delivery System
Chitosan has been proven to be a biocompatible aminopolysaccharide and a 
matrix for controlled release o f pharmaceuticals. Chitosan membranes have been used 
for controlled drug release studies. Kanke et al. (1989) studied in vitro 3 types of films 
containing the drug (prednisolone) and investigated the applicability of chitin and 
chitosan to controlled-release dosage forms and to compare chitosan films with 
reproduced chitin films with regard to drug release.
Aimin et al. (1999) studied the controlled release o f gentamicin chitosan bar in 
vitro. The gentamicin released from the bar showed significant antimicrobial activity.
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With the rate of release coupled with biodegradable, antibiotic, and immunologic activity, 
the gentamicin loaded chitosan bar is a clinically effective method of treatment of bone 
infection.
Chitosan was studied as a component of bone-filling paste because it is 
resorbable, biocompatible, and readily available (Ito et al., 1996). Chitosans reported 
hemostatic and wound-healing enhancing properties make an attractive candidate for use 
in bone-filling paste.
1.7.13. Applications in Food Industry
For years, chitin and its derivatives have been used for nutritional and medicinal 
purposes in the Far East. In fact, many people take dietary supplements made from chitin 
and chitosan to improve their health. Although chitosan as a food ingredient has not been 
approved by US Food and Drug Administration (FDA), numerous studies have 
established their nutritional significance. FDA approval for chitosan as a feed additive 
has been granted in 1983 and the US Environmental Protection Agency (EPA) approval 
up to a maximum recommended concentration of 10 mg/L (Knorr, 1986) of chitosan for 
portable water purification.
1.7.14. Food Preservation
Chitosan, might be an ideal preservative coating for fresh fruit because of its film- 
forming and biochemical properties (Muzzarelli, 1986; El Ghaouth et al., 1992b,c).
Zhang and Quantick (1997) studied the effects of chitosan coating on enzymatic 
browning and decay during postharvest storage of litchi (Litchi chinesis Sonn), a tropical 
fruit. They found that chitosan coating delayed changes in the contents of anthocyanin, 
flavonoid, total phenolics, delayed increase in poly-phenol oxidase activity, reduced 
weight loss, and partially inhibited increase in peroxidase activity. Membranes formed
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from chitosan are less permeable for oxygen, nitrogen, and carbon dioxide than cellulose 
acetate membranes (Peter, 1995). Chitosan film forming ability, antimicrobial properties, 
and mechanical strength makes it a potential candidate for superior wrapping and packing 
materials in the food industry.
1.7.15. Meat Preservation
The effect of chitosan on meat preservation with respect to microbiological, 
chemical, sensory and color qualities was extensively studied by Darmdaji and 
Izumimoto, i994. They found that in liquid medium chitosan (0.01%) inhibited the 
growth of some spoilage bacteria such as Bacillus subtilis IFO 3025, Escherichia coli 
RB, Pseudomonas Jragi IFO 3458 and Staphylococcus aureus IAM 1011. At higher 
concentration, it inhibited the growth of meat starter culture. In meat, during incubation 
at 30°C for 48 hours or storage at 4°C for 10 days, 0.5-1.0% chitosan inhibited the 
growth of spoilage bacteria, reduced lipid oxidation and putrefaction, and resulted in 
better sensory quality. Chitosan also had a good effect on the development o f red color 
of meat during storage.
1.7.16. Nutraceutical
The hypocholesterolemic potential o f a dietary fiber resides in high viscosity, 
polymeric nature and high water binding properties and non-digestibility in the upper 
gastrointestinal tract, together with low water binding in the lower gastrointestinal tract 
(Muzzarelli, 1996). Chitosan meets most o f these criteria, and has the unique ability of 
binding to anions such as bile acids or free fatty acids at low pH by ionic bonds resulting 
from its amino groups.
Chitosan is derived from chitin by removing and refining the acetyl groups 
through a process called deacetylation. The removal of acetyl groups results in an
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unstable aminopolysaccharide (chitosan) molecule with a strong positive charge. Unlike 
most polysaccharides chitosan has a strong positive charge which allows it to bind to fats 
and cholesterol and initiate clotting of red blood cells. Chitosan has a natural powerful 
affinity for lipids, fats and bile in the digestive tract and actually binds with them 
preventing them from being absorbed into the blood stream. Within the digestive system 
chitosan dissolves and forms a positively charged gel. Negatively charged molecules of 
fats, lipids and bile attach strongly to the chitosan sites where the acetyl groups were 
removed. This electrolytic bonding causes large polymer compounds to be formed that 
cannot be broken down by the digestive system.
The chitosan then acts as a coagulating agent for other activated solids, bulk 
wastes and fibers, trapping them in the polymer. These solids can contain high calorie 
molecule such as complex sugar chains and high calorie carbohydrate micelles. These 
are substances that often get converted into fat is stored in the body. As the chitosan 
polymer grows, it becomes too large to be absorbed through the lining of the digestive 
tract. Eventually the polymer is excreted as waste from the digestive system, carrying 
away the attached fat and other potential fat producing substances. In the case of 
unsaturated fatty micelles they are not burned for energy but stored as fat. Chitosan 
prevents the absorption of these fat-producing micelles. Chitosan is lipophilic while 
other fats are hydrophilic. Laboratory research shows that chitosan can bind significantly 
higher amounts of fats than fibers can entrap. In fact, 23 different fiber substances were 
used in one study and it was found that chitosan worked 55% better than any other fiber 
in entrapping and eliminating fat in the gastro-intestinal tract. For this property of 
chitosan it is otherwise called a “fat-magnet” or “fat-trapper”. In short, chitosan not only 
removes the fat and cholesterol but also enables the body to bypass the metabolic
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processes necessary to biologically and chemically deal with the presence o f fat in the 
stomach and intestines.
Sugano et al. (1980) conducted studies on the use o f chitosan as a 
hypocholesterolemic agent in rats. They found that on feeding a high cholesterol diet for 
20 days, addition of 2 to 5% chitosan resulted in a significant reduction, by 20 to 30%, of 
plasma cholesterol without influencing food intake and growth. Dietary chitosan 
increased fecal excretion of cholesterol, both exogenous and endogenous, while that of 
bile acids remain unchanged without causing constipation or diarrhea. A proper 
supplementation of chitosan to the diet seemed to be effective in lowering plasma 
cholesterol.
The mechanism of inhibition of fat digestion by chitosan, and the synergistic 
effects of ascorbate were studied by Kanauchi et al. (1995). The mechanism of inhibition 
was that chitosan dissolved in stomach and then changed to a gelled form entrapping fat 
in the intestine.
The above phenomena of fat removal by chitosan is probably the most important 
attribute of chitosan which makes this particular fiber so famous in the weight conscious 
society of today. Several companies have started commercially producing chitosan vying 
for the market share in the nutraceutical market Research shows that over 100 million 
Americans are overweight (68% of all Americans are overweight and 33% over the age 
of 20 are obese and these figures are climbing) and spending an estimated 33 billion 
dollars annually on diets and diet related products.
1.7.17. Nutritional Properties of Chitin and Chitosan
Zikakis et al. (1981) studied extensively the role o f chitin and lactose intolerance. 
The growth of bifidobacteria in the gut o f chickens was increased when chitin was added
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to their diet These bacteria block the growth of other types of microorganisms and 
generate the lactase required for digestion o f milk lactose. Zikakis et al. (1981) found that 
a combination of chitinous products and whey in isonitrogenous, isocaloric diets enabled 
broiler chickens to utilize whey more effectively.
1.7.18. Anticholesteremic
Chitosan is known to have Anticholesterolemic properties (Gallaher, 2000; 
Muzzarelli, 1996). Gallaher et al. (2000) conducted a study of the cholesterol reduction 
mechanism by glucomannan and chitosan. Both glucomannan and chitosan were found 
to reduce liver cholesterol in cholesterol-fed rats. The mechanism of cholesterol 
reduction appeared to be different in both the materials. Chitosan was found better as it 
has additional effect o f greatly increasing bile acid and fat excretions.
1.7.19. Biomedical Applications
Chitosan has been shown to be very effective in dentistry. No allergic reactions 
nor any infections were found when chitosan was used in dental application. Chitosan 
could be used as a transparent membrane or, preferably, as a thin powder, soaked in 
antibiotic solution, it accelerated would healing, promoted regular fibrin formation and 
favored epithelialisation (Sapelli et al., 1986). Valenta et al. (1998) prepared a novel 
NaChitosan-EDTA gel which is more microbially stable and has excellent swelling 
properties. The antimicrobially active polypeptide nisin could be a suitable preservative 
for NaChitosan-EDTA gels for biomedical use. In order for chitosan to be used in 
biomedical applications the sterility of chitosan is an important factor. High temperature 
and strong chemical treatments have been known to affect the biological and chemical 
properties o f chitosan. For effective sterilization Lim et al. (1998) studied the effects of y
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irradiation on chitosan. y irradiation at sterilizing doses induces main chain scission and 
the rearrangement o f network structure in chitosan fibers and films.
1.7.20. Biomass Recovery
Considerable interests have been generated to search for ploy-electrolytic 
coagulants of natural origin which aid separation of colloidal and dispersed particles from 
food processing wastes. Chitosan, the polycationic carbohydrate polymer, has been 
found to be particularly effective in aiding the coagulation of protein from food 
processing wastes (Bough, 1976). Chitosan has been extensively used for biomass 
recovery from food process wastes including vegetable, poultry, meat, shrimp, and dairy 
production (Knorr, 1986). Studies indicated that chitosan reduced the suspended solids 
o f various food process wastes by 70 to 98%. When chitosan was used in conjuction 
with cationic poly or a multivalent inorganic salt such as aluminum sulfate or ferric 
sulfate, it was more effective than synthetic polymers (Knorr, 1984).
1.7.21. Product Separation and Toxicity Reduction
Chitosan has been used for purification of Wheat Germ Agglutinin (WGA) which 
is a plant lectin. In the study conducted by Mattiasson et al (1989), the purification of 
WGA was achieved with the yield of 70%. Scaling up the process of purification of 
WGA using chitosan was feasible.
Chitosan derivatives such as methylpyrrolidinone chitosan coupled to a sepharose 
6-B matrix have been shown to have antitoxicity properties as they reduce the 
concentration to one hundredth of toxic gliadin derived peptides from wheat (Felse and 
Panda, 1999). Carboxymethyl chitin has been used to reduce the toxicity of positively 
charged liposomes containing stearyl amine in blood (Felse and Panda, 1999).
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The consumption of chitin, chitosan, and their derivatives are on a rise. Although 
the immediate figures from the consumption in US market are not available at present, 
the figures in Japanese markets as surveyed in 1994 are shown in Table 1.6. The 
consumption (tons/year) is indicator o f the usage of chitin, chitosan, and their derivatives 
in different sectors in the Japanese markets.
1.8. Research Objectives
The specific objectives of this Ph.D. research were:
1. To simplify the traditional process of production of chitosan from crawfish shells.
2. To reduce the amount of liquid chemical wastes generated by process 
modification, thereby minimizing environmental contamination during the 
commercial production of chitin and chitosan.
3. To study the physicochemical and functional properties of crawfish chitin and 
chitosan as affected by the process modification.
Table 1.6 - The estimated consumption of chitin, chitosan and their derivatives in
Japanese markets in 1994.____________________________________ __________
Uses Consumption (tons/year)
Agricultural materials 120
(e.g., plant seed coating, fertilizers)
Biomedical materials 20
(e.g., adsorbable suture, wound dressings)
Cationic flocculating agents (350)
Living waste-water treatment 200
Food manufacturing waste-water treatment 100
Sugar manufacturing 50
Cosmetic ingredients for hair and skin cares 40
Chromatographic media and reagents 1
(e.g., colloid titration, enzyme substrates, etc.)
Food additives (125)
Food processing 45
Functional health foods 80
Feed additives for pets, fishes, and animals, etc. 60
d-glucosamine and oligosaccharides 13
Membranes 1
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(table 1.6 continued) 
Paint and dyeing 





’ Estimated as chitosan
4. To compare the physicochemical and functional properties of crawfish chitin and 
chitosan with those of commercial crab chitosan.
5. To spectroscopically analyze the infrared absorption pattern o f crawfish chitin and 
chitosan.
6. To determine the degree of deacetylation (DD) and purity of crawfish chitosan 
using FTIR.
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2.1. Introduction
Louisiana produces 90% of the US supply of crawfish with an annual harvest exceeding 
100 million pounds. Approximately 80% is consumed locally and 15% is marketed 
throughout the US. Along with the consumption o f edible tailmeat, about 85 million 
pounds of peeling waste and generally non-commercial usable undersized crawfish (28- 
40 counts per pound) are produced as processing byproducts and have traditionally been 
discarded in landfill dumping sites without pretreatment. The use of crawfish processing 
byproducts as a valuable natural resource for commercially feasible pigment extraction 
process has been demonstrated by Meyers et al. (1982, 1985). Apart from the 
recoverable pigment, crawfish wastes represent a significant and renewable major 
resource for the biopolymer chitin and its deacetylated form chitosan (No and Meyers, 
1992).
Chitin, a homopolymer o f (0- l,4)-linked N-acetyl-D-glucosamine, is one of the 
most abundant, easily obtained, and renewable natural polymers. Chitin is structurally 
identical to cellulose, except that the secondary hydroxyl group (-OH) on the alpha 
carbon atom of the cellulose molecule is substituted with an acetamide group.
Chitosan, the (P- l,4)-linked D-glucosamine derivative of the chitin, has been 
extensively advanced as one of the most promising renewable polymeric materials o f this 
century (Tan et al., 1998). Chitosan is probably one of the most widely used 
biopolymers. It is a biodegradable and biocompatible polymer. Chitosan applications in 
various industries have been affected by the variation in the product It finds applications 
in diverse sectors from environmental engineering to biomedical fields. The applications 
depend primarily on physical, chemical and biological properties of chitosan. In many of 
these applications, such as film formation dissolution of the polymer is required.
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Chitosan is insoluble in water at neutral and basic pHs, but becomes soluble when the 
primary amino groups in the chitosan chain are protonated in aqueous acids. Aqueous 
acetic acid is a common solvent for chitosan because o f its mild nature compared to 
inorganic acids. Concentrated acetic acid solutions at high temperature can, however, 
cause depolymerization of chitosan (Roberts and Domszy, 1982). Chitosan performs 
differently depending on factors such as degree of deacetylation, molecular weight, 
bacterial or crustacean origin (Muzzarelli et al., 1981; Domszy and Roberts, 1985; 
Jansson-Charrier et al., 1995). Chitosan salts, prepared by freeze drying solutions of the 
polymer in aqueous acids, offer the advantage of being soluble in water at neutral and 
basic pHs the solutions of the chitosan salts may also be cast into films.
As a linear polyelectrolyte, chitosan has both reactive amino groups and hydroxyl 
groups. Its physical and solution properties change with the surrounding chemical 
environment. When pH value is less than 6.5, chitosan in solution carries a positive 
charge along its backbone. It is this cationic nature that makes it possible to be used in 
many biomedical applications because it can be attracted or bound to usually negatively 
charged tissues, skin, bone, and hair. Chitosan applications in various industries are 
limited by their supply cost, variation quality, and poor characterization of properties.
The industrial applications of chitosan have been affected by inconsistent quality 
of chitosan. The quality and properties of chitosan products such as purity, viscosity, 
degree of deacetylation, molecular weight, polymorphous structure, may vary widely due 
to manufacturing processes that influence the characteristics of the final product (Kurita 
et al., 1977; Li et al., 1992). Due to unique solution, chemical, physical, and biological 
properties, especially its biocompatibility and its ability to form films, fibers, and gels, 
chitosan has already been extensively used in a variety o f biomedical applications, such
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as bacteriostatic agent, contact lens, wound dressings, and immunoadj uvant, to name but 
a few.
Accurate determination o f the degree of deacetylation of chitosan is essential 
when studying structure-properties relations and possible industrial uses (Miya et al., 
1980). Degree of deacetylation (DD) is increasingly becoming an important property of 
chitosan, as it determines how the biopolymer can be applied (Tan et al., 1998). Degree 
of deacetylation can be defined as the average number of D-glucosamine units per 100 
monomers expressed as a percentage (Sabnis and Block, 1997). DD has been found to 
influence physical and chemical properties (Illanes et al., 1990) and biological activities 
of chitosan. The molecular weight, tensile strength, elongation at the break, and 
hydrophilic properties of chitosan are extremely dependent on the degree of deacetylation 
achieved when chitin is hydrolyzed to chitosan (Blair et al., 1987). There are several 
methods available for determination of DD of chitosan, including Nuclear Magnetic 
Resonance (NMR) (Hirai et al., 1991), Linear Potentiometric Titration (LPT) (Ke and 
Chen, 1990), enzymatic determination (Nanjo et al., 1991), colloid titration (Terayama, 
1952; Toei and Kohara, 1976), ninhydrin test (Curotto and Aros, 1993), Near Infrared 
spectroscopy (Rathke and Hudson, 1993), Fourier Transform Infrared (FTIR) 
spectroscopy (Jansson-Charrier et al., 1995; Sabnis and Block, 1997), UV- 
spectrophotometry (Aiba, 1986), first derivative UV-spectrophotometry (Muzzarelli and 
Rocchetti, 1985; Tan et al., 1998), and circular dichroism measurements (Domard, 1987). 
Coventionally, DD has been determined from amino residue analysis by colloid titration 
(Terayama, 1952; Toei and Kohara, 1976), a carbon/nitrogen ratio by elemental analysis, 
and an absorbance ratio o f infrared spectra (Moore and Roberts, 1980; Baxter et al.,
1992). Chitosan is extremely hygroscopic, hence it is very difficult to completely
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eliminate the effect o f moisture in these conventional methods (Hirai et al., 1991). In 
case o f colloid titration a large amount of chiotsan sample is to be used.
In titrimetry methods, two procedures are normally used for estimation of degree 
o f deacetylation of chitosan samples, one is the acidic hydrolysis o f the acetamide group 
and subsequent titration of the liberated acetic acid and the other is acidimetry o f the 
amino group. These procedures are relatively complex and time consuming, though they 
have good accuracy (Sannan et al., 1978). Most of these methods are of limited value 
since they can be used only if chitosan can be dissolved in a suitable aqueous solvent 
(Sabnis and Block, 1997).
Infrared spectroscopy has been an important tool in the identification of 
functional groups since the 1940s. In the 1970s, commercial near-infrared reflectance 
instruments were introduced to perform rapid determinations of moisture, fat, and 
proteins in food. However, instrumental and sampling problems have limited widespread 
use of infrared in food analysis. In the late 80s, Fourier Transform type infrared (FTIR) 
instruments were introduced and replaced traditional dispersive types that were based on 
diffraction gratings. Due to dramatic change of instrument design and perhaps more 
importantly, sample presentation options, the applications of this technique to food 
samples have been undergoing intensive study. Today, FTIR has been employed widely 
in the food industry for both qualitative and quantitative analysis o f food ingredients and 
finished products (Nielsen, 1994; Skoog et al., 1998; Downey, 1998). It shortens analysis 
time and involves very little organic solvents.
The use o f IR spectroscopy was first proposed by Moore and Roberts (1978) for 
the determination o f DD. The IR spectroscopy has a number o f advantages; it is 
relatively quick and unlike the various titrimetric or other spectroscopic methods (Aiba,
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1986; Domard, 1987) does not require purity of the sample. Furthermore, it has been 
shown to have an acceptable level o f precision, at least with highly deacetylated samples 
(Baxter et al., 1992).
The objectives o f this research were to (1) determine the degree of deacetylation 
and purity o f crawfish chitin, and chitosan, (2) study the effects of process modification 
on the IR spectral absorption pattern o f crawfish chitin and chitosan, (3) develop a fast, 
easy, and accurate method for determination of degree of deacetylation of crawfish 
chitosan using FTIR, and (4) compare the results from FTIR with the traditional colloid 
titration methods.
2.2. Materials and Methods
2.2.1. Sample Preparation
Cooked undersized crawfish were obtained from Bayou Land Seafood, Breaux Bridge, 
Louisiana. The crawfish were cooked for three minutes reaching an internal temperature 
o f 78°C, then washed twice with tap water, and cooled to room temperature. Crawfish 
samples were manually decapitated at 4°C. The tail portion was fed through a meat-bone 
separator (Badder, Model 197, New Bedford, MA). The shells designated as tail shell 
were then weighed and stored in zip-loc bags at -20°C until further used.
Prior to preparation of crawfish chitin and chitosan, the frozen tail shells were 
thawed at ambient temperature, and washed in warm tap water to remove soluble 
organics, adherent proteins and extraneous materials. The tail shells were then dried at 
70°C for at least 24 h until completely dried shells were obtained. The dried shells were 
then subjected to the following processes (Figure 2.1) followed the procedure by Meyers 
et al. (1989)
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Demineralization: The crawfish shells or the deproteinized shells, depending upon the 
production sequence, were demineralized with IN HC1 for 30 min at ambient temperature 
with a solid to solvent ratio of 1:15 (w/v) (No et al., 1989).
Deproteinization: The crawfish shells or demineralized shells depending upon the 
production sequence, were deproteinized with 3.5 % NaOH at 65°C with a solid to 
solvent ratio of 1:10 (w/v) (No et al., 1989).
Decoloration: The crawfish non-treated shells, demineralized shells, deproteinized shells 
or crawfish chitin in wet condition were decolorized with a slight modification of by No 
et al. (1989). The decoloration step was achieved by using a 3 % NaOCl for 10 min at 
ambient temperature with stirring with a solid to solvent ratio of 1:10 (w/v). 
Deacetylation: Deacetylation or removal of acetyl groups from chitin was achieved by 
reaction of demineralized shells or crawfish chitin depending upon the production 
sequence, with 50% NaOH (w/w) solution at 100°C for 30 min in air using a solid to 
solvent ratio of 1:10 (w/v) (No et al., 1989). Commercial crab chitin was purchased from 
Sigma Chemical Co. (St Louis, MO). Chitosan from crab shells (91% degree of 
deacetylation) was purchased from Sigma Chemical Co. (St Louis, MO). Crab chitosans 
with 75% and 80% degree of deacetylation were purchased from Vanson Inc. (Redmond, 
WA). Crab chitosan (85% degree of deacetylation) were purchased from Aldrich 
(Milwaukee, WI). To obtain a uniform product size and to avoid variations across 
batches, all chitin and chitosan samples from crawfish and commercial sources were 
ground separately using a Retsch mill (Type ZM1, GMBH & Co, Haan, Germany) fitted 
with a mesh of size of 0.5 mm. The samples were then stored in opaque plastic bottles 
and stored at ambient temperature. These ground chitin and chitosan samples were used
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Figure 2.1 - Traditional crawfish chitosan production flow scheme (Meyers et al., 1989) 
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M91: Crab chitosan with degree of deacetylation 91 %.
P8S: Crab chitosan with degree of deacetylation 85%.
N80: Crab chitosan with degree of deacetylation 80%.
075: Crab chitosan with degree of deacetylation 75%.
2.2.2. Instrumentation and Spectral Measurements
The spectral analysis was carried out using an Avatar 360 E. S. P FT-IR 
spectrometer (ThermoNicolet, Madison, Wl). Instrument control and data handling were 
by EZ OMNIC E. S. P. 5.1 software.
2.23. Proximate Analyses
Nitrogen was determined using Kjedahl method (AOAC 976.06, 1995). Ash was 
determined followed the AOAC standard method.
2.2.4. Degree of Deacetylation (DD)
The DD of crawfish and commercial chitin and chitosan was determined using a Avatar 
360 E. S. P FT-IR (ThermoNicolet, Madison, WI) as described by Domszy and Roberts
Demineralized + Deacetylated 
Deproteinized + Demineralized + Deacetylated 
Demineralized + Deproteinized + Deacetylated 
Demineralized + Decolorized + Deacetylated 
Deproteinized + Demineralized + Decolorized + Deacetylated 
Demineralized + Deproteinized + Decolorized + Deacetylated
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(1985); Blair et al. (1987); Baxter et al. (1992); Sabnis and Block (1997). For a 
comparative study of DD, all chitosan samples were determined by colloid titration 
method (Toei and Kohara, 1976) using N/1500 polyvinyl sulfate (PVSK; esterification 
degree > 97.7%; Wako Chemicals USA, Inc., Richmond, VA)
2.2.5. Statistical Analysis
All experiments were carried out in duplicate. The means and standard deviations were 
calculated using SAS 8.1 (SAS, 2001).
2 J . Results and Discussion
Preparation of crawfish chitin and chitosan is a very important process before 
determination of degree of deacetylation through FTIR. For samples to be used for 
spectroscopic analysis, the purity of the sample was ensured during the preparation so as 
to reduce any anomaly that might occur due to impurities in the absorption spectra. 
Following is a brief discussion of the steps involved in the production of crawfish chitin 
and chitosan.
2 3 .1 . Demineralization
Demineralization is conventionally achieved by extraction with dilute HC1 
solution at room temperature to dissolve calcium carbonate as calcium chloride. 
Demineralization is usually achieved in 2-3 h with proper agitation (Johnston and 
Peniston, 1982). However, the reaction time can vary with preparation methods from 30 
min (No et al., 1989) to over 2 days. For demineralization, it is also important that the 
amount of acid be stoichiometrically equal to or greater than all minerals present in the 
shells to ensure complete reaction (Johnston and Peniston, 1982; Shahidi and 
Synowiecki, 1991). For demineralization of crawfish shells, the shells or deproteinized 
shells depending on the production sequence were treated with IN HC1 for 30 min at
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ambient temperature with a solid to solvent ratio of 1:15 (w/v) (No et al., 1989). The ash 
content is a measure of the effectiveness of the demineralization treatment
23.2. Deproteinization
Deproteinization is usually achieved by a treatment with lower concentration 
NaOH at elevated temperature for a longer period of time. This procedure varies 
depending on the type of crustacean used for the isolation of chitin. No and Meyers 
(1995 and 1997) reported a wide range of dilute NaOH concentration, temperature and 
reaction time for various substrates. KOH can also be used in place of NaOH (Shahidi 
and Synowiecki, 1991). Prolonged alkaline treatment under severe conditions causes 
depolymerization of the chitin chain and causes deacetylation. Deproteinization of 
crawfish shells is usually achieved by treatment with 3.5 % NaOH at 65°C with a solid to 
solvent ratio o f 1:10 (w/v) (No et al., 1989).
2 3 3 . Decoloration
Deproteinized and demineralized crustacean shells are colored due to the presence of 
pigments. For commercial acceptability, a white product is usually achieved by 
bleaching chitin. The crawfish chitin is pinkish in color. In order to achieve whiteness, 
crawfish chitin is decolorized by a slight modification of the procedure by No et al.
(1989) 3 % NaOCl was added to the crawfish chitin for 10 min at ambient temperature 
with stirring with a solid to solvent ratio o f 1:10 (w/v).
23.4. Deacetylation
Conversion of chitin to chitosan is usually achieved by treatment with 
concentrated sodium or potassium hydroxide solution (40-50%) usually at 100°C or 
higher. There are various factors that affect the production of chitosan from chitin, 
including temperature o f deacetylation, time of deacetylation, alkali concentration, effect
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of conditions used during chitin isolation, atmosphere, ratio of chitin to alkali solution, 
and particle size. The deacetylation of crawfish chitosan is achieved by reaction of 
crawfish chitin with 50% NaOH (w/w) solution at 100°C for 30 min in air using a solid to 
solvent ratio o f 1:10 (w/v) (No et al., 1989).
2.3.5. Degree of Deacetylation
Chitosan is characterized by its degree of deacetylation and this affects not only its 
physicochemical characteristics (Sannan et al., 1976; Rha et al., 1984; Knorr et al., 1984; 
Wang et al., 1991) but also its biodegradability (Shigemasa et al., 1994), and 
immunological activity (Peluso et al., 1994). Accurate determination o f degree of 
deacetylation of chitosan has been an issue. The methodology for calculating the 
absorbance ratio and the selection of the infrared absorption bands has been an issue of 
much scientific debate. Chitosan has a typical infrared absorption spectra (Table 2.1). 
The peaks found in the absorption of spectra are due to the type of bonds present 
At least three different infrared absorption bands have been proposed for the 
determination of degree of deacetylation: A 1655/A3 4 5 0  (Moore and Roberts (1977,1980); 
Domszy and Roberts (1985), Blair et al. (1987), Sabnis and Block (1997), Aisso/A2 8 7 8  
(Sannan et al., 1978), and A 1655/A2 8 6 7  (Miya et al., 1980). Each absorption ratio has its 
limitations especially with regard to the deacetylation range.
According to Baxter et al. (1992), who modified the method proposed by Domszy and 
Roberts (1985), the degree of deacetylation can be calculated as
( v4l655>100II§ x ll5
V ^43450 ,

















Table 2.1 - Infrared band assignments for chitosan
Frequency Assignment
Range
(4000 to 2000 cm’1) 
3450 cm ' 1
3280 cm ' 1 
3070 cm ' 1 
2867 cm ' 1
2870 cm ' 1 -  2940 cm ' 1 
( 2 0 0 0  cm' 1 to 1 0 0 0  cm*1) 
1650 cm ' 1 or 1655 cm' 1







Amide II (N-H bend)
1580 cm ' 1 (1550 cm ' 1 to 1590 cm'1) 
1550 cm ' 1
Reference
Jansson-Charrier et al. (1995);
Moore and Roberts (1980); Sabnis and Block (1997) 
Jansson-Charrier et al. (1995)
Jansson-Charrier et al. (1995)
M iyaetal. (1980)
Jansson-Charrier et al. (1995); Domszy and Roberts (1985)
Samuels (1981); Moore and Roberts (1980); Mima et al. 



















(table 2 . 1  continued) 
1455 cm ' 1 
1415 cm ' 1
(table 2 . 1  continued)
1375 cm ' 1 
*
1320 cm ' 1 
1255 cm ' 1 
1 0 2 0  cm ' 1
CH3 assymetric deformation (ring) 
OH and CH deformation (ring)
CH3 symmetric deformation (ring) 
OH and CH deformation (ring)
CH wag (ring)
Cellulose-ether type absorption; 








23.6. Infrared Absorption Spectra of Chitosan
The infrared absorption spectra of all crawfish chitosan (DMA, DPMA, DMPA, DMCA, 
DPMCA, and DMPCA) are shown in Figure 2.2. The comparative superimposed 
absorption spectra o f commercial chitosan (M91, P85, N80, and 075) are shown in 
Figure 2.3.
The infrared absorption spectra pattern of all crawfish chitosan samples (DMA, 
DPMA, DMPA, DMCA, DPMCA, and DMPCA) are similar among themselves and also 
to commercial samples (M91, P85, N80, and 075) differing only in the intensity of their 
bands.
Among the commercial samples (075, N80, P85 and M91), amide bands diminish 
with increasing degree of deacetylation. Similar trends were observed Miya et al. (1980) 
and a peak appears around 1585-1590 cm' 1 (Jansson-Charrier et al., 1995). There was 
very little difference between absorbance at 1655 cm*1 (Amide) of N80 and 075. P85 
whose DD is greater than N80 and 075, showed lower absorbance. However, M91, 
which had maximum DD, as specified by the Manufacturer, did not show the desired 
trend of lower absorbance than P85, but fell somewhere between 075 and P85. This 
anomaly may be due to different protocol for determination of DD by the manufacturer or 
presence of impurities.
Upon visual comparison of Amide I (1655 cm*1) bands the crawfish chitosan 
samples did not show a very high degree of deacetylation (in the range of 65-80%), 
which may be sufficient to provide the answers for the lack of solubility o f crawfish 
chitosan during the initial trials in aqueous solution acetic acid. During subsequent 
production the deacetylation was increased from 30 min (No and Meyers, 1989) to 60 
min which resulted in a soluble product.





Figure 2.2 - Infrared absorption spectra of crawfish chitosan (DMA, DMPA, DPMA, 
DPMCA and DMPCA)
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P85   M91   075   N80
Figure 2.3 - Comparative superimposed infrared absorption spectra of commercial 
chitosan samples (M91, P85, N80, and 075)
Chitosan derivatives such as sulfonated, imidazolyl or carboxy methyl chitosan 
would be immediately detected by the IR absorption spectral pattern which would show a 
marked difference between pure and modified chitosans. Jansson-Charrier et al. (1995) 
used the same method to determine sorption mechanism of uranium by chitosan. The IR 
spectra provided the information regarding the sorption or uranyl ions and also helped 
understand the mechanism of sorption by chitosan.
The degree of deacetylation of commercial samples (M91, P85, N80, and 075) as 
calculated per different protocols using the absorbance ratio and colloid titration is shown 
in Table 2.2. The protocols proposed by various researchers do not correlate with the 
actual DD of commercial samples reported by the manufacturers. The method proposed





















Sabnis et al. (1997) Blair etal. (1987) Domszy & Roberts (1985) Baxter et al. (1992) Colloid Titration
M91 74.52 34.29 34.28 -0.51 90.2
P85 76.75 40.60 40.59 9.15 85.5
N80 72.27 27.90 27.88 -10.29 81.8
075 73.51 31.43 31.42 -4.88 75
73
by Sabnis et al. (1997) was fairly accurate for 075 but not for other commercial samples. 
As crawfish chitosan did not show expected results in the colloid titration (DD of less 
than 10%), the failure of the colloid titration used to determine DD of by crawfish 
chitosan samples could well be attributed to the lack of solubility in 0.5% aqueous acetic 
acid solution (Toei and Kohara, 1976). Both degree of deacetylation and the molecular 
weight do affect the viscosity and degree of solubility o f the chitosan (Samuels, 1981).
In order to determine the DD of crawfish chitosan sample a standard curve was generated 
using the absorbance ratio (A16SS/A3 4 5 0 ) and DD of standard commercial samples. The 
standard curve between the absorbance ratio and DD (%) as determined by colloid 
titration of the four commercial samples (M91, P85, N80 and 075) is shown in Figure
2.4. The DD (%) of samples interpolated from the standard curve using the standard 
curve equation is given as
( a  V
DD = 118.883- 40.1647* —
V .<43450,
The linear relationship had a coefficient of determination, r2, o f 0.8805 (n=12). 
The DD (%) of crawfish chitosan samples (DMA, DMCA, DMPA, DPMA, DPMCA, 
and DMPCA) was calculated according to the above mentioned formula and compared 
with those by the colloid titration method (Table 2.3).
The results from Table 2.3 were obtained using the proposed absorbance ratio 
method were supported by the superimposed absorption spectra of the commercial 
chitosan samples. However, presence of water in the samples may interfere with the 
analysis contributing towards the intensity of the hydroxyl bond. A thoroughly dried 
samples with consistent equipment set up would eliminate of most of the variations 
during the FTIR spectroscopic analysis.
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Table 2.3 - DD (%) of crawfish chitosan as determined through colloid titration and 
proposed FTTR method







A thoroughly dried samples with consistent equipment set up would eliminate of most of 
the variations during the FTIR spectroscopic analysis.
Miya et al. (1980) found that the Ai6 ss/A2 8 6 7  ratio gave good agreement with 
results from the colloidal titration method (Terayama, 1952) for samples having degree of 
deacetylation values less than 10%, whilst for samples having values 10-25% the 
relationship between absorption band ratio and colloid titration values was not linear.
There has been some controversy about the choice of baseline for the amide I 
band in the formula which uses the absorption ratio of A 1655/A3 4 5 0  for the determination 
of degree of deacetylation. The absorption ratios A 1655/A3 4 5 0  and A 1550/A2 8 7 8  give 
accurate results for low % DD while A 1655/A2 8 6 7  gives accurate results for samples with 
higher % DD.
Even after decades of research in chitosan and its properties there is no standard 
method for the determination of degree of deacetylation. Tan et al. (1998) made a 
thorough investigation on most of the available methods for determination of DD. They 
compared various methods and advocated first derivative UV-spectrophotometry as the
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standard method for a routine determination of DD of chitosan due to its high sensitivity, 
minimal interference of results, and ease of conducting the experiment.
In our study it was evident that a method like colloid titration could not be used 
for samples that require solubility in a certain percentage (0.5%) of aqueous acetic acid 
solution For the first derivative UV-spectrophotometry the solubility of samples is 
required. The crawfish chitosan has unique solution properties as they are not soluble in 
0.5% acetic acid solution at 0.5% (w/v) concentration, however, it is soluble at higher 
concentration of acetic acid solutions. The colloid titration was an accurate method for 
commercial samples which were isolated from crabs. The use of another protocol, i.e., 
the absorption FTTR spectra was our choice as it is easy to use and does not require 
solubility of crawfish chitosan in a certain percentage o f acetic acid solution. The major 
advantages of using FTIR is that it is fast and easy to operate, and provides results with a 
fair degree of accuracy. For samples such as crawfish chitosan with a compromised 
solubility we found that FTIR is very a fast, useful, and effective method for 
determination of DD.
23.7. Infrared Absorption Spectra of Chitin
The typical absorption bands found in the absorption spectra of chitin are shown in the 
Table 2.4.
Table 2.4 - Infrared band assignments for chitin
Frequency Assignment Reference
1655 cm' 1 Amide I Sannan etal. (1978)
1550 cm*1 Amide II Sannan etal. (1978)
1310 cm*1 Amide m Sannan etal. (1978)
1378 cm*1 CH3  symmetric 
deformation
Sannan etal. (1978)
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The infrared absorption spectra of crawfish chitin (DPM, DMP, DPMC, DMPC) and 
commercial crab chitin are shown in Figure 2.5. After careful analysis o f the spectra of 
crawfish chitin (DPM, DMP, DPMC, DMPC) the following observations are made.
The infrared absorption spectra of all crawfish chitin (DPM, DMP, DMPC and DPMC) 
are similar in their spectra. But in case of DMPC at about 2361 cm'1 there is a 
pronounced peak which is different from others.
Since infrared spectra is a representation of vibrations of bonds between atoms 
present in the compound, similar spectra confirms same product. This fact also provides 
information regarding purity o f the product. The crawfish and commercial chitin samples 
are pure as they showed similar patterns compared with the standard IR absorption 
spectra of pure chitin.
Minor variations in intensity among crawfish chitin samples were found which 
may be attributed to several reasons. Between DPM and DPMC, DPM showed similar 
absorption pattern but DMPC had higher intensity peak at approximately 2361 cm'1 and 
near 4000 cm'1. Absence of astaxanthin pigments removed through the process of 
decoloration when DPM was converted to DPMC could be the reason for the spectral 
peak. The commercial chitin (Sigma) produced from crab had similar absorption pattern 
compared to that from various crawfish chitin samples, but had lower intensity peaks. 
Since the chemical structure o f crawfish chitin and crab chitin are the same, they both 
showed similar absorption pattern confirming that they are chitin.
Between DMP and DMPC, DMPC had higher intensity peaks all through the range. 
Between DPM and DMP, DMP had higher (%T) had similar peaks.
The variability in their absorption pattern may well be attributed to preparation 
methods, effect of chemical treatment or presence of impurities.





Figure 2.5 - Infrared absorption spectra of crawfish chitin (DPM, DMP, DPMC, and 
DMPC) and crab chitin.






In terms of chemical structure and subsequent absorption bands in the IR spectra, 
reversing the sequence of steps during production of crawfish chitin (DPM and DMP) 
and (DPMC and DMPC) did not produce large variations. Addition of decolorization 
step (DC) to crawfish chitin (DPM and DMP) to produce DPMC and DMPC did not 
largely affect the absorption characteristics.
Matching of spectral absorption pattern with the spectra o f pure standard chitin 
provided information about purity of the crawfish chitin preparation.
Methods such as circular dichroism, NMR, GPC and thermogravimetry are not 
suitable for routine purposes because of the cost, specialist considerations and 
sophistication which renders them more appropriate for research purposes (Tan et al.,
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1998). IR spectroscopy has a number of advantages; it is relatively quick and unlike the 
various titrimetric (Moore and Roberts, 1980; Domszy and Roberts, 1985) or other 
spectroscopic methods (Aiba, 1986; Domard, 1987) does not require purity o f the sample 
to be determined separately (Baxter et al., 1992).
2.4. Conclusion
FTIR is a fairly accurate method for determining the degree o f deacetylation of 
samples with a compromised solubility such as crawfish chitosan in the absence of a 
standard method. The spectral absorption pattern also provides information regarding the 
contamination of crawfish chitosan samples with some impurities or a derivative of 
chitosan. More studies need to be conducted to eliminate the variations. This may be at 
the sample preparation stage or process of sample purification before spectroscopic 
analysis. The change of sequence during the production of chitosan has little or no effect 
on the absorption spectra of chitosan as infrared absorption is based on the vibrations of 
atoms. However there seems to be-some effects in terms of peaks found in spectra that 
could have been due to the effect of astaxanthin pigments of crawfish chitin.
Although the chitosan from crawfish and crab have the same chemical structure as 
shown by the spectra, they differ greatly in their physicochemical and functional 
properties which determines their applications in various industries. The choice of 
methods for determination of DD between crawfish and crab chitosan having identical 
chemical structure is just an overview of the variations in chitosan from different sources.
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3.1. Introduction
Chitosan, the (P- l,4)-linked D-glucosamine derivative of the polysaccharide 
chitin, has been extensively advanced as one of the most promising renewable polymeric 
materials of this century (Tan et al., 1998). It is a biodegradable and biocompatible 
polymer. Chitosan is a material whose quality varies greatly according to factors such as 
degree of deacetylation, molecular weight, bacterial or crustacean origin (Muzzarelli et 
al., 1981; Domszy and Roberts, 1985; Jansson-Charrier et al., 1995). The quality and 
properties of chitosan products such as purity, viscosity, deacetylation, molecular weight, 
and polymorphous structure may vary manufacturing process (Kurita et al., 1977; Li et 
al., 1992). Due to unique solution, chemical, physical, and biological properties, 
especially its biocompatibility and ability to form films, fibers, and gels, chitosan has 
already been extensively used in a variety of biomedical applications, such as 
bacteriostatic agent, contact lens, wound dressings, and immunoadjuvant, to name but a 
few (Wu et al., 1994). Chitosan applications in various industries have been affected by 
the variation in the product.
Crustacean shell waste contains mainly of 30-40% protein, 30-50% calcium 
carbonate, and 20-30% chitin on a dry basis (Johnson and Peniston, 1982). These 
proportions vary with species and seasons (Green and Kramer, 1984). The 
physicochemical properties of chitin and chitosan differ with crustacean species and 
preparation methods (Brine and Austin, 1981).
Traditional isolation of chitin from crustacean shells wastes involves three basic 
steps: demineralization (removal of calcium carbonate and calcium phosphate), 
deproteinization (protein separation), and decoloration (removal of pigments). The first 
two steps can be conducted in a reverse order, i.e., demineralization then
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deproteinization. The three steps have been almost the standard procedure for chitin 
production depending on the species from which chitin is isolated. The subsequent 
conversion of chitin to chitosan is generally achieved by treatment with concentrated 
sodium or potassium hydroxide (40-50%) usually at 100°C or higher to remove some or 
all o f the acetyl groups from the polymer (No and Meyers, 1997).
Louisiana produces 90% of the US supply of crawfish with an annual harvest 
exceeding 100 million pounds. Approximately 80% is consumed locally and 15% is 
marketed throughout the US. Along with the consumption of edible tailmeat, about 85 
million pounds of peeling waste and generally non-commercial usable undersized 
crawfish (28-40 counts per pound) are produced as processing byproducts and have 
traditionally discarded in landfill dumping sites without pretreatment.
The use o f crawfish processing byproducts as a valuable natural resource for 
commercially feasible pigment extraction process has been demonstrated by Meyers et al. 
(1982, 1985). Apart from the recoverable pigment, crawfish wastes represent a 
significant and renewable major resource for the biopolymers chitin and its deacetylated 
form chitosan (No and Meyers, 1992).
Previous research conducted at the department o f food science, Louisiana State 
University by Chen and Meyers has shown that it is almost impossible to completely 
remove proteins from chitin extracted from crawfish shells. There are several steps in 
chitin and chitosan production from crustacean shells that involve several intermittent 
washing and drying. During the production o f chitin and chitosan from crustacean shells, 
a large amount o f liquid waste is generated which has to be recycled. By reducing the 
number o f steps in the production of chitosan from crustacean shells, the process could be
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made industrially feasible and also could be environmental friendly as it produces less 
wastes compared to the traditional process.
For wider applications of chitin and chitosan across industry segments, 
consistency in physicochemical and functional properties is an important factor. In order 
to understand the variability in the physicochemical and functional properties, a thorough 
understanding o f the entire process and its effect on these properties by process 
alteration/ modification is essential. Our study was a step forward in understanding the 
intricacies of physicochemical and functional properties of crawfish chitin and chitosan 
as affected by process modification.
The specific objectives of this research were:
1. To simplify the traditional crawfish chitosan production process.
2. To study the physicochemical and functional properties of crawfish chitin, 
chitosan, and processing intermediates and compare these properties with those of 
commercial chitin and chitosans.
3. To determine the effects of reversing the processing steps such demineralization 
and deproteinization during the chitin and chitosan production from crawfish shell 
on the physicochemical and functional properties o f crawfish chitin and chitosan.
4. To investigate the effects of elimination of the deproteinization step during the 
production of chitosan from crustacean shells on the physical and chemical 
characteristics of chitosan.
5. To prepare an edible film or membrane from crawfish chitosan and preliminarily 
characterize its properties.
6. To study the conversion efficiency of the entire crawfish chitosan production 
process and also the individual steps that make up the whole process.
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7. To correlate the physicochemical and functional properties o f crawfish chitin and 
chitosan.
3.2. Materials and Methods
Cooked undersized crawfish were obtained from Bayou Land Seafood, Breaux Bridge, 
Louisiana. The crawfish were cooked for three minutes reaching an internal temperature 
of 78°C, then washed twice with tap water, and cooled to room temperature. Crawfish 
samples were manually decapitated at 4°C. The tail portion was fed through a meat-bone 
separator (Badder, Model 197, New Bedford, MA). The shells designated as tail shells 
(Figure 3.1) were then weighed and stored in zip-loc bags at -20°C until further used. 
Preceding preparation of crawfish chitin and chitosan, the frozen tails shells were thawed 
at ambient temperature, and washed in warm tap water to remove soluble organics, 
adherent proteins and extraneous materials. The tail shells were then dried at 70°C for at 
least 24 h or more until completely dried shells were obtained. The dried shells were 
then subjected to the following process.
Demineralization: The crawfish shells or the deproteinized shells, depending upon the 
production sequence, were demineralized with IN HC1 for 30 min at ambient temperature 
with a solid to solvent ratio o f 1:15 (w/v) (No et al., 1989).
Deproteinization: The crawfish shells or demineralized shells, depending upon the 
production sequence, were deproteinized with 3.5 % NaOH at 65°C with a solid to 
solvent ratio of 1:10 (w/v) (No et al., 1989).
Decoloration: The crawfish non-treated shells, demineralized shells, deproteinized shell 
or crawfish chitin in wet condition were decolorized with a slight modification of 
procedure by No et al. (1989). The decoloration step was achieved by using a 3 %
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Meat/bone Separator Meat/bone Separator
Tail Minced MeatHead Minced Meat
Figure 3.1 -  Crawfish processing flow diagram
Deacetylation: Deacetylation or removal of acetyl groups from chitin was achieved by 
reaction of demineralized shells or crawfish chitin, depending upon the production 
sequence, with 50% NaOH (w/w) solution at 100°C for 30 min in air using a solid to 
solvent ratio of 1:10 (w/v) (No et al., 1989).
The process of preparation of crawfish chitins (DMP, DPM, DPMC, and DMPC), 
crawfish chitosans (DMA, DMCA, DPMA, DMPA, DPMCA, and DMPCA) and the 
processing intermediates (DM and DP) are shown in sequence in Figure 3.2. 
Commercial crab chitin was purchased from Sigma Chemical Co. (St Louis, MO). 
Chitosan from crab shells (91% degree of deacetylation) was purchased from Sigma
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Chemical Co. (St Louis, MO). Crab chitosans with 75 and 80% degree of deacetylation 
were purchased from Vanson Inc. (Redmond, WA). Microcrystalline cellulose powder 
and crab chitosan (85% degree o f deacetylation) were purchased from Aldrich 
(Milwaukee, WI). The commercial chitin and chitosan samples were stored at room 
temperature in opaque plastic bottles until further use. To obtain a uniform product size 
and to avoid variations across batches, all chitin and chitosan samples from crawfish and 
commercial sources were ground separately using a Retsch mill (Type ZM1, GMBH & 
Co, Haan, Germany) fitted with a mesh of size of 0.5 mm. The samples were then stored 
in opaque plastic bottles and stored at ambient temperature. These ground chitin and 







DPM: Deproteinized + Demineralized
DMP: Demineralized + Deproteinized
DPMC: Deproteinized + Demineralized + Decolorized
DMPC: Demineralized + Deproteinized + Decolorized
Commercial chitin:
CRABCHITIN: Crab chitin from Sigma Chemical Co.
Chitosan:
DMA: Demineralized + Deacetylated
DPMA: Deproteinized + Demineralized + Deacetylated
DMPA: Demineralized + Deproteinized + Deacetylated
DMCA: Demineralized + Decolorized + Deacetylated
DPMCA: Deproteinized + Demineralized + Decolorized + Deacetylated
DMPCA: Demineralized + Deproteinized + Decolorized + Deacetylated
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Commercial chitosan:
SIGMA91: Crab chitosan with degree o f deacetylation 91%.
ALDRICH85: Crab chitosan with degree of deacetylation 85%.
VANSON80: Crab chitosan with degree o f deacetylation 80%.
VANSON75: Crab chitosan with degree of deacetylation 75%
3.2.1. Bulk Density
Bulk density is defined as the weight/volume (g/cm3). The crawfish chitin, chitosan, 
processing intermediates, and commercial samples that passed through a 0.5 mm mesh 
into a 25-mL measuring cylinder were used to calculate unpacked bulk density which 
was measured according to the procedure described by Akpapunam and Markakis (1981). 
Six replicates were performed for each sample.
3.2.2. Color
The QIE tristimulus color parameters: L* (lightness/darkness, 100 for white and 0 for 
black), a* (red, +; green, -), and b* (yellow, +; blue, -) of ground crawfish chitin, 
chitosan, processing intermediates and commercial samples were measured using a 
Minolta Spectrophotometer CM-508d (Minolta Camera Co. Ltd., Osaka, Japan). The 
instrument was calibrated with zero and white calibrations to compensate for the effects 
of stray light and to eliminate the variations in measured values due to changes in 
ambient temperature and the internal temperature of the spectrophotometer. Color 
differences were minimized by reporting an average of ten readings per sample from each 
treatment. Psychometric color terms involving hue angle [tan'1 (b*/a*)] and chroma [(a*2 
+ b*2),/2 ] were calculated. The spectrophotometer was set to obtain color values based on 
10° standard observer and D65 illuminants.
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3.23  Water Binding Capacity (WBC)
Water binding capacity o f crawfish chitin, chitosan, processing intermediates and 
commercial samples was measured using a modified method of Wang and Kinsella 
(1976). Water absorption was carried out by weighing 0.5 gm of sample in a pre­
weighed centrifuge tube, adding 10 mL of water, and mixing it for 1 min on a vortex 
mixture to disperse the sample. The contents o f the centrifuge tubes were left at room 
temperature for 30 min with intermittent shaking for 5sec every 10 min and then 
centrifuged at 3200 rpm for 25 min. After the supernatant was decanted, the tube was 
weighed again. WBC (%) was calculated as [Water bound (g)/sample weight (g)] X 100.
32.4. Fat Binding Capacity (FBC)
Fat binding capacity of crawfish chitin, chitosan, processing intermediates and 
commercial samples was measured using a modified method of Wang and Kinsella 
(1976). Fat absorption was carried out by weighing 0.5 gm of sample in a pre-weighed 
centrifuge tube, adding 10 mL of oil (canola, com, olive, peanut or soybean), and mixing 
it for 1 min on a vortex mixture to disperse the sample. The contents of the centrifuge 
tubes were left at room temperature for 30 min with intermittent shaking for 5sec every 
10 min and then centrifuged at 3200 rpm for 25 min. After the supernatant was decanted, 
the tube was weighed again. FBC (%) was calculated as [Fat bound (g)/sample weight 
(g)]X100.
3.2.5. Proximate Composition
Nitrogen content was estimated using the Kjedahl method (AOAC 976.06,1995). 
Moisture and ash contents were determined using procedures 930.15 and 942.05 
respectively, as outlined by AO AC (1995). Fat content was determined by Soxhlet
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method as outlined by AOAC procedure 920.39 (AOAC, 1995). Crude fiber content was 
determined using AOAC procedure 962.09 (AOAC, 1995).
3.2.6. Statistical Analysis
Data were analyzed using analysis of variance (ANOVA) and post-hoc multiple 
comparison at a  = 0.05. The SAS 8.1 (2001) statistical software package was used for all 
data analyses.
3.2.7. Preparation of Crawfish Chitosan Edible Film
Crawfish chitosan prepared by the modified deacetylation time (60 min) was used 
for the preparation of an edible film or membrane. The film was produced with some 
modification of the methods of Vojdani and Torres (1989). Two grams (2% dry weight) 
o f crawfish chitosan (DPMC A) prepared through the modified (time of deacetylation-60 
min) production process were dissolved in 2% acetic acid. The solution was filtered to 
remove any undissolved impurities.
The solution was placed on a magnetic stirrer/hot plate and plasticizers, glycerol 
(500 Mw) (Fisher Chemicals, Fisher Scientific, Fair Lawn, NJ), was added at 0.5% ml/g 
of chitosan. The plasticizer was allowed to disperse in solution as the stirring continued 
for 15 min. Petriplates (VWR Scientific) were cleaned and wiped with ethyl alcohol.
The solution was cast in the middle portion of the petriplate and then the petriplate was 
manually tilted so as to produce a membrane of equal thickness and texture. Films were 
dried at 60°C to complete drying. The films were peeled from the pertiplates for testing. 
3 3 . Results and Discussion
The traditional production of chitin from crawfish tail shells involves 
demineralization and then deproteinization. The demineralized and deproteinized chitin 
from crawfish is a colored product due to the presence of astaxanthin pigment Chitin is
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insoluble in most organic solvents, however, its deacetylated derivative chitosan is 
soluble in weak acids. The subsequent conversion of chitin to chitosan is generally 
achieved by treatment with concentrated sodium or potassium hydroxide (40-50%) 
usually at 100°C or higher to remove some or all o f the acetyl groups from the polymer 
(No and Meyers, 1997).
Numerous workers (Attwood and Zola, 1967; Austin et al.; 1981, Brine and 
Austin, 1981; Hackman, 1960; Karlson et al., 1969) have reported that protein is bound 
by covalent bonds to chitin, thus forming stable complexes. Thus, it is impossible to 
prepare pure chitin samples without residual protein present (No and Meyers, 1989).
There are several steps in chitin and chitosan production from crawfish shells that 
involve several intermittent washing and drying. During the production of chitin and 
chitosan from crawfish wastes, a large amount o f liquid chemical waste is generated 
which has to be recycled. By reducing the number o f steps in the production of chitosan, 
the process could be industrially feasible and also could be environmental friendly as it 
produces less wastes compared to the traditional process.
33.1. Demineralization
Demineralization is usually achieved by extraction with dilute hydrochloric acid 
at room temperature with agitation to dissolve calcium carbonate as calcium chloride. 
However, there have been many variations o f the demineralization process. Although it 
normally involves the use of dilute hydrochloric acid, there have been reports on the use 
of higher concentration and also the use of 90% formic acid to achieve demineralization. 
The crawfish shells were demineralized with IN HC1 for 30 min at ambient temperature 
with a solid to solvent ratio of 1:15 (w/v) (No et al., 1989). The ash content of the 
demineralized shell is an indicator of the effectiveness of the demineralization process.
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Bough et al. (1978) studied the effects of manufacturing variables on the characteristics 
of chitosan produced from shrimp shells. Elimination o f the demineralization resulted in 
products having 31-36% ash. Prolonged demineralization is not effective in removing 
minerals but can cause polymer degradation. For demineralization, it is important that 
the amount of acid be stoichiometrically equal to or greater than all minerals present in 
the shells to ensure complete reaction (Johnson and Peniston, 1982; Shahidi and 
Synowiecki, 1991).
During the demineralization process excessive undesirable foams are produced 
due to the CO2  generation. This presence of excessive foam may be a limitation for a 
large-scale demineralization process as the volume available is taken up by the resulting 
foam and the desired reaction is not achieved. To control/reduce the foam formation 
during the demineralization of crustacean shell for the preparation of chitin, No et al. 
(1998) used commercial antifoam (10% solution of active silicone polymer; no 
emulsifier) they that at 1.00 mL of antifoam/L of IN HC1, the performance of antifoam 
was more efficient during demineralization with smaller shell particle size (<0.425 mm 
and under a slightly faster stirring speed at 300 rpm). Furthermore, they observed that 
deproteinization followed by demineralization is a favorable sequence in terms o f the 
amount of antifoam required to control foaming. For a laboratory scale preparation of 
chitin from crawfish shell, we observed that the excessive foam was controlled by slow 
addition of crawfish shells to IN HC1 during demineralization. The foam produced was 
broken by continuous circular motion with a glass rod along the inner wall of the beaker. 
The foam production follows a pattern: upon addition of crawfish shells, massive amount 
of brisk and persistent foam is generated, but once the initial foam has subsided the
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subsequent foam are less in size and intensity, after which normal stirring could be 
continued in order to achieve demineralization.
When deproteinization was conducted first followed by demineralization, there 
was foam formation, but the pattern was very different. The foam formation was brisk 
but not persistent and subsides in far less time during demineralization. Similar 
observations were made by No et al. (1998) as less antifoam was needed when 
deproteinization is followed by demineralization to control the foam during the 
production of crustacean chitin.
3 J .2 . Deproteinization
Crustacean shell waste is usually ground and treated with dilute sodium hydroxide 
solution (1-10%) at elevated temperature (65-100°C) to dissolve the proteins present. 
During the deproteinization process, foam formation takes place, but the foam is not as 
brisk and intense as that produced during demineralization. Optimal deproteinization can 
be achieved using dilute potassium hydroxide solution (Shahidi and Synowiecki, 1991). 
The use of proteolytic enzyme that can disintegrate protein from chitin-protein complexes 
for the production of chitin has been investigated by Shimahara et al. (1982).
There are several variations of the deproteinization process depending on the 
crustacean species from which chitin is isolated, the association of chitin and protein in 
the crustacean shells, and the acceptable level of protein contaminant in the isolated 
chitin, as it is impossible to prepare pure chitin with no trace of proteins. No et al. (1997) 
summarized the different deproteinization protocols used during the isolation of chitin 
from various crustacean species. In our studies, the crawfish shells or demineralized 
shells, depending upon the production sequence, were deproteinized with 3.5 % NaOH at 
65°C with a solid to solvent ratio o f 1:10 (w/v).
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3 J J . Decoloration
Acid and alkali treatments alone produce a colored chitin product. For commercial 
acceptability o f the chitin produced from crustacean sources, the product needs to be 
decolorized or bleached to yield white chitin. The pigment in the crustacean shells forms 
complexes with chitin. The level of association of chitin and pigments varies from 
species to species among crustacean. The stronger the bond the more harsh treatment is 
required to prepare a white colored product. During the process of decoloration, it should 
be noted that the chemical used should not affect the physicochemical or functional 
properties of chitin and chitosan. The protocol to prepare commercially acceptable 
crustacean chitin may vary although acetone is a commonly used solvent during 
decoloration. Since bleaching considerably reduces the viscosity of the final chitosan 
product, it is not desirable to bleach the material at any stage (Mooijani et al., 1975). The 
presence of astaxanthin and strong association of astaxanthin and chitin in crawfish make 
crawfish chitin isolation a particularly interesting case. Our studies suggested that 
demineralized or deproteinized crawfish shells or crawfish chitin in wet condition can be 
decolorized with a slight modification of the procedure by No et al. (1989). The 
decoloration step was achieved by using a 3 % NaOCl for 10 min at ambient temperature 
with stirring with a solid to solvent ratio of 1:10 (w/v).
33.4 . Deacetylation
Deacetylation, the conversion of chitin to chitosan by the removal of acetyl groups, is 
generally achieved by treatment with concentrated (40-50%) sodium or potassium 
hydroxide solution usually at 100°C or higher for 30 min or longer to remove some or all 
acetyl groups from polymer. The N-acetyl groups cannot be removed by acidic reagents 
without hydrolysis of the polysaccharide, thus, alkaline methods must be employed for
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N-deacetylation (Muzzarelli, 1977). Depending upon the production sequence 
deacetylation can be achieved by reaction o f demineralized shells or crawfish chitin with 
50% NaOH (w/w) solution at 100°C for 30 min in air using a  solid to solvent ratio of 
1:10 (w/v). However, there are several protocols for deacetylation in order to produce 
chitosan which include applications of thermo-mechano-chemical technology (Pelletier., 
1990), use of water-miscible organic solvents as diluents (Batista and Roberts, 1990), 
alkali impregnation technique (Rao et al., 1987), and use o f thiophenol to trap oxygen 
dining deacetylation processes (Domard and Rinaudo, 1983).
The ideal purpose of deacetylation is to prepare a chitosan which is not degraded 
and is soluble in dilute acetic acid in minimal time. There are several critical factors 
affecting chitosan solubility including temperature and time of deacetylation, alkali 
concentration, prior treatments applied to chitin isolation, atmosphere (air or nitrogen), 
ratio of chitin to alkali solution, and particle size. Free access of oxygen during 
deacetylation of chitin has a substantial degrading effect on chitosan product. 
Deacetylation in the presence of nitrogen yielded chitosans of higher viscosity and 
molecular-weight distributions than did deacetylation in air (Bough et al., 1978). 
Although it is difficult to prepare chitosan with a degree of deacetylation greater than 
90% without chain degradation, Mima et al. (1983) developed a preparative method for 
chitosan having a desired degree of deacetylation of up to 100%, without serious 
degradation of the molecular chain. This was achieved by intermittent alkali treatment 
and washing to prepare highly deacetylated chitosan. Treated chitosan had similar 
nitrogen content, degree of deacetylation, and molecular weight but with significantly 
higher viscosity.
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For a large-scale preparation of chitosan, the process of deacetylation needs to be 
optimized. If  it could be simplified without compromising the desired features o f 
chitosan, the method would be suitable for large-scale industrial applications. No et al. 
(2000) used autoclaving conditions (15 psi/ 121°C) to deacetylate chitin to prepare 
chitosan under different NaOH concentrations and reaction times. Effective 
deacetylation was achieved by treatment of chitin under an elevated temperature and 
pressure with 45% NaOH for 30 min with a solid: solvent ratio of 1:15.
In the production of chitin, complete elimination of the deproteinization step 
would yield a demineralized form of chitin which will have all the proteins present as it 
had before. If the primary objective of the experiment is to produce chitosan from chitin 
which involves deacetylation, then in our view the deproteinization step may not be 
necessary at all. The deacetylation step involves harsh treatment with concentrated 
sodium hydroxide (40-50%) usually at 100°C or higher for 30 min as in case of crawfish 
chitin (No and Meyers, 1997). This harsh treatment is strong enough to denature all the 
proteins which may be in free or bound form. The subsequent washing and drying steps 
which are followed in all traditional process of production of chitosan would ensure the 
removal of the denatured protein. The denatured proteins may be attached to chitosan 
even after washing, but they may help in film formation. This makes the deproteinization 
step unnecessary in the production o f chitosan.
Compared to applications of chitin, chitosan finds far too many applications in 
diverse fields ranging from environmental decontamination to biomedical applications. 
The film forming ability of chitosan is of particular interest to our study. The fact that 
proteins are good film formers and even denatured proteins help in gel/film formation is 
taken into account The complete removal of proteins from chitin is theoretically
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impossible which allows us to make an assumption that even if some protein is present 
either in native or denatured form, it may not affect physicochemical and mechanical 
properties of the final chitosan product. Therefore we present the simplified scheme of 
production of traditional chitosan (Figure 3.3) from crawfish shells where the 
deproteinization and decoloration steps have been completely removed (Figure 3.4). The 
physicochemical properties of chitin and chitosan influence their functional properties 
which in turn vary with crustacean sources from where chitin and chitosan are isolated 
and the method of preparation, crawfish chitin and chitosan are no exception to these 
variations.
3 3 .5 . Bulk Density
The bulk densities o f crawfish chitin, chitosan, processing intermediates, and commercial 
chitin and chitosan are shown in Table 3.1. Among the crawfish chitin, chitosan, and 
processing intermediates, DP was found to have the highest bulk density (0.25 g/cm3). 
Among the chitins (DPM, DMP, DPMC, DMPC, and Crab chitin), crab chitin had the 
highest bulk density (0.18 g/cm3). The starting material (crawfish shell) for crawfish 
chitin and chitosan was found to have the highest the bulk density (0.39 g/cm3); this may 
be due to the porosity of the material before treatment. But once crawfish shell had been 
treated there were minor variation among chitin and chitosan produced. Another 
observation was that with increasing Degree of deacetylation (DD), there was a decrease 
in bulk density sequentially among the commercial samples. DMA and DMCA from 
crawfish chitosan samples both had the highest bulk density (0.15 g/cm3) while DMP A 
had the lowest bulk density (0.11 g/cm3). The processing conditions slightly affect the 
porosity and the size o f the final product The range (0.11 -  0.15 g/cm3) in which bulk






Wet Crawfish Shells 


















; 4icWashing and Drying 
Chitosan
3.5% NaOH (w/v) 
for 2 h at 65°C solid: 
solvent (1:10, w/v)
IN HC1 for 30 





(w/v) for 5 min at 
room temp solid: 
solvent (1:10, w/v)
50% NaOH for 30 
min at 100°C with 
solid: solvent (1:10, 
w/v) in air.
Figure 3.3 -  Traditional crawfish chitosan production flow scheme (Meyers et al., 1989)
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Figure 3.4 -  Proposed simplified crawfish chitosan production flow diagram 
density of all crawfish chitosans fall suggest that there are less changes with respect to 
bulk density during the production of crawfish chitosan. Among commercial samples 
Sigma91 had the highest bulk density (0.22 g/cm3) while N80 has the lowest (0.12 
g/cm3). The bulk densities of crawfish chitins and crab chitin are compared and shown in 
the Figure 3.5. Comparing the bulk densities of crawfish and commercial chitosan 
(Figure 3.6), there was a significant difference which could be attributed to species or 
source from chitin and chitosan, and the method of preparation (Brine and Austin, 1981; 
Cho et al., 1998). The bulk densities of the crawfish chitin, chitosan, processing 
intermediates and commercial samples were found to have variations as studied by Cho 
et al. (1989) of various commercial chitin and chitosan samples of crustacean origin.

















Table 3.1 - Bulk density and visual color of crawfish chitin, chitosan, processing intermediates and commercial samples.

































White with a faint grayish tinge 
White with very faint grayish tinge 
White with a pinkish tinge 
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Figure 3.6 - Bulk density measurements of crawfish and commercial chitosans. Bars with different letters are significantly different (P 
< 0.05).
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33.6 . Color Characteristics of Chitins
The color characteristics of crawfish and commercial chitins are shown in Table 3.2. 
Comparing the L* values of the crawfish and commercial chitin samples, DMPC had the 
highest and DMP had the lowest L* values. In addition to having a high L* value DMPC 
has the least a* values which suggest more whiteness and less redness. The decoloration 
step is conducted, as deproteinized and demineralized product is a colored product, to 
gain commercial acceptability of chitin. Comparing the L* values of DMP and DMPC 
the addition of decoloration (bleaching) step increases the L* value by approximately 
47.3%. The L* value of DPM and commercial chitin are very similar suggesting that the 
decoloration step may be suitable for achieving complete whiteness, however, even 
without performing the decoloration step crawfish chitin can have commercial 
acceptability at par with commercial crab chitin. Furthermore, decoloration (bleaching) 
is not recommended at any stage during the production of chitosan as it affects the 
viscosity of the final product (Mooijani et al., 1975). Reversing the sequence of steps 
such as demineralization (DM) and deproteinization (DP) during the production of 
crawfish chitin had a pronounced effect on L*, a*, chroma and hue angle values (Table 
3.2). The L*, a*, and chroma values of DPM were higher than those o f DMP which 
suggest that reversing the sequence of steps during the production of chitin changed the 
color whiteness and redness, thereby its commercial acceptability. In fact the L* value of 
DPM was quite comparable to that o f commercial crab chitin. The presence of 
astaxanthin pigments of DPM resulted in the higher a* value than DPM. Hue angles of 
all the chitin samples were between 0° and 90°. Angles of 0°, 90° and 180°, respectively, 
represent red, yellow and green hues. Foods with hue angles between 0° and 90° tend

















Table 3.2 - Color characteristics of crawfish and commercial chitin samples.
Treatment L* a* b* Chroma Hue angle
DMP 44c 5.0° 4.6C 6.8C 41.3C
DPM 49.8b 8.2“ 5.2C
00 31.6d
DMPC 64.8® 1.9d 8 3 th 8.6b 76.8®
DPMC 63.8® 5.8b 9.4® 11.1® 58.5b
Crab chitin 49.8b 5.6b 7.5b 9.4“b 52.7b
In each column, means with different letters) are significantly different (P < 0.0S).
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toward orange-red colors, whereas foods with hue angles between 90° and 180° are more 
greenish yellow.
The color characteristics o f DMPC and DPMC, which have the decoloration (DC) 
step added from their precursors DMP and DPM, were not very different except that the 
value of a* is high in DPMC and low in DMPC. Relating back to their precursors, DPM 
had higher a* value than that of DMP. There were no significant differences between the 
L* value of DMPC and DPMC suggesting proportionate color removal during the 
decoloration (bleaching) step.
The major area of this research was to determine the impact of removal o f certain 
steps such as decoloration and deproteinization altogether during the production of chitin 
from crawfish shells on the physicochemical and functional properties. Upon comparison 
of the color characteristics of crawfish chitin (DPM) and commercial crab chitin, it would 
be harmless to remove the decoloration (bleaching) altogether and still having crawfish 
chitin they may be of commercial acceptability. The removal of decoloration step would 
not only help restore the viscosity changes but will also reduce the time of preparation of 
crawfish chitin and as well as produce less chemical (bleach) and therefore making the 
production of crawfish chitin more environment friendly.
3 J .7 . Color Characteristics of Chitosans
The color characteristics of crawfish and commercial chitosans are presented in 
Table 3.3. The crawfish chitosan samples were prepared by deacetylation of chitins 
(DMP, DPM, DMPC, and DPMC) and the commercial samples were from crab. Due to 
structural similarity between chitosan and cellulose, the color characteristics o f cellulose 
are also shown in the table for comparative analysis. Upon comparison of the L* values 
o f DMP A and DPMA which are chitosan derived from their precursor chitins (DMP,

















Table 3.3 - Color characteristics of crawfish and commercial chitosan samples.
Treatment L* a* b* Chroma Hue angle
DMA 53.8“* 6.1“ 6.6* gab 46*
DMCA 56.9cdc 5.2b 7.4“be 9.1“b 54.2“*
DPMA 60.2bcd 3.3cf 1.6*
2<"■>00 66.3b
DMPA 51.7° 3.5“* 5.5* 6.7d 55.2*“*
DMPCA 61.3**° 3.6d 8“b 8.7“b* 65.3b
DPMCA 53.5e 5.2b 8“b 9.6* 55.6*“
S1GMA91 63.5b 2.68 8.6® gab 72 i®b
ALDRICH85 50.6e 4.5* 8.9“ 10" 63.2bcd
VANSON80 54.3d* 3.2r 6.6* 7.4*“ 6A.2*
VANSON75 70.7“ 2h 8.7“ 8.8“b* 79.7“
CELLULOSE 76.2“ 1‘ 2.6d 2.8* 68.6b
In each column, means followed by different letter (s) are significantly different (P < 0.0S).
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DPM) (Table 3.2) through a process o f deacetylation (DA), the L* value o f the chitosan 
were higher than their precursors chitin which indicated that deacetylation removed color.
However, the deacetylation step decreased color lightness (L*) of DMPC A and 
DPMC A chitosan. The process of deacetylation, which is described in detail in the earlier 
part o f this chapter also caused yellowness to appear during the process and left 
yellowness in the final product as evidenced by higher b* values in DPMA and DMPA 
but lowered in DMPC A and DPMCA compared to those o f their precursors. The 
commercial chitosan samples had comparable L* values except for VANSON75 which 
had the highest L* value. The L* value o f cellulose whose visual color was completely 
white was found to be 76.2. Comparing with the L* values of crawfish chitosan,
DMPCA had the highest L* value and the most white product of all the crawfish chitosan 
samples. The color characteristics o f crawfish shell, DM and DP together with all the 
chitin and chitosan samples treated as group are presented in the Table 3.4. Hue angles 
o f all the chitosan samples were between 0° and 90°. The L*, a* and b* ranges for 
chitosans were (51 .7 - 70.7), (2 -  6.1), and (5.5 -  8.9) while those of chitins were (44 -
64.8), (1.9 -  8.2) and (4.6 -  9.4) respectively. Comparing the L* value of DM and DMA, 
the L* of the chitosan sample was increased by approximately 49% which indicated that 
color removal determined as a measure of whiteness had been achieved with a greater 
efficiency as compared to color removal between DMP and DPMA (17.5%) and DPM 
and DPMA (20.9%). But the trend in color removal determined as a measure of 
whiteness (L* value) had actually gone down in chitin samples which had undergone 
decoloration (DMPC and DPMC).
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Numbers in parenthesis refer to standard deviations of ten determinations. In each column, means with different letters are 
significantly different (P < 0.05).
33.8. Yield and Conversion Efficiency
The yield and conversion efficiency of the individual processing steps of the crawfish 
chitin and chitosan production is shown in the Table 3.5. The efficiency o f a 
demineralization process is far less than that of a deproteinization process. Although the 
range o f conversion efficiency remain leveled in a narrow range however there are 
changes in the conversion efficiency depending on the starting material. Similarly the 
conversion efficiency of deacetylation process varies depending the material on which 
deacetylation process is being conducted. The conversion efficiencies o f chitins (DPM, 
DMP, DPMC, and DMPC) were 30.7,59.5,26.9, and 56.5 respectively. From the 
conversion efficiencies of chitin it was evident that demineralization followed by 
deproteinization (DMP) provided much better yield than deproteinization followed by 
demineralization (DPM). The addition of decoloration (DC) step during the production 
of chitin also reduced the yield and the conversion efficiency (Table 3.5).
The conversion efficiencies of chitosans (DMA, DMCA, DPMA, DMP A, 
DPMCA, and DMPCA) from starting materials DM, DMC, DPM, DMP, DPMC, and 
DMPC were 51.7,61.8,92, 85.1,85, and 77.3, respectively. The preparation of chitosan 
from DPM showed the highest conversion efficiency (92%) followed by that from DMP 
(85.1%). Upon comparison of the yield from DPMA and DPMCA, DMPA and DMPCA, 
the yield was less when decoloration was added during the process of production of 
chitosan. Similar observations were made by Anderson et al. (1978) who reported that 
chitin treated with bleaching reagents yielded less chitosan than did untreated chitin.
33.9. Fat Binding Capacity (FBC)
The Fat Binding Capacity of all crawfish chitin, chitosan, and processing intermediates 
and commercial samples are shown in the Table 3.6. The comparative FBC for all chitin

















Table 3.5 - Conversion efficiency (%) of crawfish chitin, chitosan, and processing intermediates production













Conversion efficiency is reported as the mean of three determinations.




























Table 3.6 - Fat binding capacities (%) of crawfish chitin, chitosan, processing intermediates and commercial samples
Treatments Canola Com Olive Peanut Soybean
CRAWFISH SHELL 363' 336h 363h 339' 355ij
(14) (5.7) (12.7) (12.9) (16.3)
DM 530fBh 561ef 561ef 567fBh 517fBh
(45.3) (38.2) (15.6) (38.2) (15.6)
DP 460ih 4838f 490fg 466ih 437hij
(2.83) (77.8) (31.1) (42.3) (12.7)
DPM 7668bc 697abcde 751abcd 774abc | ybcd
(39.6) (72.1) (38.1) (65.1) (12.7)
DMP 822ab 817" 850" 860" 822ab
(8.5) (15.6) (25.5) (22.6) (31.1)
DMA 706bcdc 702abcd ŷ âbcd 711bcde 674cdc
(22.6) (8.5) (15.6) (14) (8.5)
DPMA 773ab 790ab 798ab ^4 j abed
(29.7) (41) (14.1) (31.1) (86.3)
DMPA 862" 821" 842“ 866" 854"
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CELLULOSE 373* 355gh 370gh 340* 314J
(29.7) (9.9) (0) (53.7) (28.3)
Numbers in parenthesis refer to standard deviations of duplicate determinations. For each oil, means with different letter (s) are 
significantly different (P < 0.05).
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using different oils are shown in Figure 3.7. The FBC of all chitin ranged from SS6 to 
860%. The average FBC for crawfish chitins (DMP, DPM, DMPC, and DPMC) across 
all the oil sources tested was 834,741,717, and 653%, respectively. The average FBC of 
commercial crab chitin across all oil sources tested was found to be 595%. The average 
FBC of all chitins (DMP, DPM, DMPC, DPMC, and commercial chitin) samples for 
canola, com, olive, peanut, and soybean was 724,697,720,720, and 679%, respectively. 
Cho et al. (1998) studied the FBC of commercial chitin and chitosan samples prepared 
from crab and shrimp origin. They found the FBC of chitins were mostly similar in the 
range of 316-320%, except one chitin which showed FBC of 563%. For their study they 
used soybean oil. In one of our experiments, soybean oil was used. The average FBC of 
crawfish chitins (DMP, DPM, DMPC, and DPMC) for soybean oil was 822,717,674, 
and, 625% respectively. The average FBC of commercial chitin of crab origin for 
soybean oil was 556%, which is very close to the FBC value reported by Cho et al.
(1998). Although the same method for FBC determination was by Cho et al. (1998) used 
in our study, there were variations that need to be considered when comparing the FBC 
values. Parameters such as the particle size o f chitin and chitosan samples were different 
which could have contributed to the differences. However, there has been no report to 
our knowledge of the fat binding capacity of crawfish chitins produced traditionally and 
also with their production sequence changed.
The crawfish chitin DMP had the highest FBC among all the chitin samples, and 
the same trend was observed across for all the oil sources (canola, com, olive, peanut, 
and soybean). When the sequence of steps during the production of chitin was reversed, 
there was a decrease in FBC. DMP, in which demineralization (DM) was done prior to 
deproteinization (DP) and DPM where deproteinization (DP) was conducted prior to





















Figure 3.7 - Fat binding capacity of crawfish and commercial chitin for various oils. For each oil, bars with different letters are
significantly different (P < 0.05).
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demineralization (DM) had changes in their fat binding capacity. DPM showed lower 
FBC values across all oil sources compared to that of DMP. There was a decrease of 
93% in the average FBC of DMP across all oil samples compared to that o f DPM. 
Similarly, there was a decrease 64% in the average FBC of DMPC across all oil samples 
compared to that of DPMC.
Decoloration or bleaching reduced the FBC of chitin samples (DMPC and 
DPMC). There was a decrease of 117% in the FBC across all oil samples o f DMPC 
when compared with that o f DPMC. Similarly, there was a  decrease of 88% in the FBC 
across all fat samples of DPMC when compared with that o f DMPC.
3.3.10. Fat Binding Capacity (FBC) of Canola Oil
The FBC of crawfish chitosan (DMA, DMCA, DMP A, DPMA, DPMCA, and DMPCA) 
and commercial chitosan (SIGMA91, ALDRICH85, VANSON80, and VANSON75) 
together with that o f cellulose for canola oil are shown in the Figure 3.8. The average 
FBC of crawfish and commercial crab chitosans for canola oil was 737% and 623%, 
respectively, while that o f cellulose was 373%. The addition o f decoloration step during 
the production of chitosan was found to decrease the fat binding capacity o f crawfish 
chitosans. There was a decrease of 94% in the FBC of DMA and DMCA, 83% between 
DMPA and DMPCA, and 83% between DPMA and DPMCA. Decoloration (bleaching) 
had been shown to affect the viscosity of chitosan (Mooijani, 1975). The decrease 
viscosity as evidenced most of the time may be a cause for decrease in fat binding 
capacities among unbleached and bleached crawfish chitosan samples.
It was also found that changing the sequence of steps during the production of 
crawfish chitosan, DMPA and DPMA, and DMPCA and DPMCA, affected FBC
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Figure 3.8 - Fat binding capacities of crawfish and commercial chitosans for canola oil. Bars with different letters are significantly
different (P < 0.05).
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properties. The changing of sequence had an effect on the fat binding capacity of 
crawfish chitosans. The FBC of DMPA and DPMA were 862 and 773% respectively. 
Similarly, DMPCA and DPMCA were 779 and 690%, respectively, for canola oil (Figure
3.8). The commercial chitosans (M91, P8S, N80, and 07S) varied in their FBC, even 
though all of them were of crab origin. Upon comparison, DMPA had the highest FBC 
of 862% while that of the highest commercial crab chitosan N80 was 795% for canola 
oil. The degree of deacetylation of M91, P85, N80 and 075 were 91, 85,80 and 75, 
respectively. The degree of deacetylation affects the physical, functional and 
spectroscopic properties of chitosan. Among commercial samples N80 showed the 
maximum FBC followed by 075, M91 and P85.
3.3.11. Fat Binding Capacity (FBC) of Corn Oil
The FBC of crawfish chitosan (DMA, DMCA, DMPA, DPMA, DPMCA, and DMPCA) 
and commercial chitosan (M91, P85, N80, and 075) together with that of cellulose for 
com oil are shown in the Figure 3.9. The average FBC of crawfish and commercial crab 
chitosans for com oil was 725% and 610%, respectively, while that of cellulose was 
355%. The addition of decoloration step during the production of chitosan was found to 
decrease the fat binding capacity of crawfish chitosans. There was a decrease of 69% in 
the FBC of DMA and DMCA, 77% between DMPA and DMPCA, and 94% between 
DPMA and DPMCA. It was also found that changing the sequence of steps during the 
production of crawfish chitosan, DMPA and DPMA, and DMPCA and DPMCA affected 
FBC properties. The changing of sequence had an effect on the fat binding capacity of 
crawfish chitosans. The FBC of DMPA and DPMA were 821 and 773%, respectively. 
Similarly, DMPCA and DPMCA were 744 and 679%, respectively, for com oil.












Figure 3.9 - Fat binding capacities of crawfish and commercial chitosans for com oil. Bars with different letters are significantly
different (P < 0.05).
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The commercial chitosans (M91, P8S, N80, and 075) varied in their FBC, even though 
all o f them were of crab origin. Upon comparison, DMPA had the highest FBC of 821% 
while that o f the highest commercial crab chitosan N80 was 787% for com oil. Among 
commercial samples N80 showed the maximum FBC followed by 075, M91 and P85.
33.12. Fat Binding Capacity (FBC) of Olive Oil
The FBC of crawfish chitosan (DMA, DMCA, DMPA, DPMA, DPMCA, and DMPCA) 
and commercial chitosan (M91, P85, N80, and 075) together with that of cellulose for 
olive oil are shown in the Figure 3.10. The average FBC of crawfish and commercial 
crab chitosans for olive oil was 744% and 618%, respectively, while that of cellulose was 
370%. The addition of decoloration step during the production of chitosan was found to 
decrease the fat binding capacity of crawfish chitosans. There was a decrease of 99% in 
the FBC of DMA and DMCA, 75% between DMPA and DMPCA, and 98% between 
DPMA and DPMCA.
It was also found that changing the sequence of steps during the production of 
crawfish chitosan, DMPA and DPMA, and DMPCA and DPMCA affected FBC 
properties. The changing of sequence had an effect on the fat binding capacity of 
crawfish chitosans. The FBC of DMPA and DPMA were 842 and 790%, respectively. 
Similarly, DMPCA and DPMCA were 767 and 692%, respectively, for olive oil (Figure
3.10).
The commercial chitosans (M91, P85, N80, and 075) varied in their FBC even 
though all o f them were of crab origin. Upon comparison DMPA had the highest FBC of 
842% while that of the highest commercial crab chitosan N80 was 750% for olive oil.
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Figure 3.10 - Fat binding capacities of crawfish and commercial chitosan for olive oil. Bars with different letters are significantly
different (P < 0.05).
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Among commercial samples N80 showed the maximum FBC followed by 075, P85 and 
M91.
33.13. Fat Binding Capacity (FBC) of Peanut Oil
The FBC of crawfish chitosan (DMA, DMCA, DMPA, DPMA, DPMCA, and DMPCA) 
and commercial chitosan (M91, P85, N80, and 075) together with that o f cellulose for 
peanut oil are shown in the Figure 3.11. The average FBC of crawfish and commercial 
crab chitosans for peanut oil was 740% and 603% respectively while that o f cellulose was 
340%. The addition of decoloration step during the production of chitosan was found to 
decrease the fat binding capacity of crawfish chitosans. There was a decrease of 101% in 
the FBC of DMA and DMCA, 92% between DMPA and DMPCA, and 118% between 
DPMA and DPMCA.
It was also found that changing the sequence of steps during the production of 
crawfish chitosan, DMPA and DPMA, and DMPCA and DPMCA affected FBC 
properties. The changing of sequence had an effect on the fat binding capacity of 
crawfish chitosans. The FBC of DMPA and DPMA were 866 and 798%, respectively. 
Similarly, DMPCA and DPMCA were 774 and 680%, respectively, for peanut oil (Figure
3.11).
The commercial chitosans (M91, P85, N80, and 075) varied in their FBC even 
though all of them were of crab origin. Upon comparison DMPA had the highest FBC of 
866% while that of the highest commercial crab chitosan N80 was 772% for peanut oil. 
Among commercial samples N80 showed the maximum FBC followed by 075, M91 and 
P85.































Figure 3.11 - Fat binding capacities of crawfish and commercial chitosans for peanut oil. Bars with different letters are significantly
different (P < 0.05).
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33.14. Fat Binding Capacity (FBC) of Soybean Oil
The FBC of crawfish chitosan (DMA, DMCA, DMPA, DPMA, DPMCA, and DMPCA) 
and commercial chitosan (M91, P8S, N80, and 075) together with that of cellulose for 
soybean oil are shown in the Figure 3.12. The average FBC of crawfish, and commercial 
crab chitosans for soybean oil was 706% and 587% respectively while that o f cellulose 
was 314%. The addition of decoloration step during the production of chitosan was 
found to decrease the fat binding capacity of crawfish chitosans. There was a decrease of 
90% in the FBC of DMA and DMCA, 115% between DMPA and DMPCA, and 97% 
between DPMA and DPMCA.
It was also found that changing the sequence of steps during the production of 
crawfish chitosan, DMPA and DPMA, and DMPCA and DPMCA affected FBC 
properties. The changing of sequence had an effect on the fat binding capacity of 
crawfish chitosans. The FBC of DMPA and DPMA were 854 and 741%, respectively. 
Similarly, DMPCA and DPMCA were 739 and 644%, respectively, for soybean oil 
(Figure 3.12).
The commercial chitosans (M91, P85, N80, and 075) varied in their FBC even 
though all o f them were of crab origin. Upon comparison DMPA had the highest FBC of 
854% while that o f the highest commercial crab chitosan N80 was 772% for soybean oil. 
The degree of deacetylation of M91, P85, N80 and 075 were 91,85, 80 and 75 
respectively. Among commercial samples N80 showed the maximum FBC followed by 
075, M91 and P85.
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Figure 3.12- Fat binding capacities of crawfish and commercial chitosans for soybean oil. Bars with different letters are significantly
different (P < 0.05).
3J.15. Water Binding Capacity (WBC)
Water binding capacity was measured for all chitin and chitosan samples and the results 
are shown in Table 3.7. The comparative WBC of all chitins are shown in Figure 3.13. 
and for all chitosans are shown in Figure 3.14. WBC for chitins ranged from 423 to 
648% and for chitosans ranged from S81 to 1,150%. Comparing the WBC of crawfish 
chitins (DMP, DPM, DMPC and DPMC) and chitosans (DMPA, DPMA, DMPCA and 
DPMCA), deacetylation increased the WBC in crawfish samples. Comparing the WBC 
values o f crawfish chitin and their chitosan derivative prepared through deacetylation, 
between DMP and DMPA, the WBC increase was 118%; between DPM and DPMA the 
WBC increase was 26%; between DMPC and DMPCA the WBC increase was 105%, and 
between DPMC and DPMCA the WBC increase was 71%. The difference between DM 
and DMA in terms of increased WBC was 224%.
From the comparative WBC results it is evident that deacetylation increased the water 
binding capacity. The other trend that was observed during the WBC study o f chitin was 
that reversing the sequence of steps such as demineralization (DM) and deproteinization 
(DP) during the production of chitin (DMP, DPM, DMPC, and DPMC) had a pronounced 
effect. When deproteinization (DP) o f demineralized shell is conducted to produce DMP, 
the WBC is higher compared to the process when demineralization of the deproteinized 
shells (DPM) is conducted. The WBC of DMP was 648% while that o f DPM was 612%.
Similar results were obtained for DMPC and DPMC which were immediate 
decolorized derivatives o f DMP and DPMC. The WBC o f DMPC was 530% while that 
of DPMC was 510%. Another important trend observed was that decoloration caused a 
drop in WBC of both crawfish chitin and chitosan. Decoloration of DMP to produce
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Numbers in parenthesis refer to standard deviations of duplicate determinations. Means with different letters are significantly 
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DMPC, caused a reduction o f WBC from 648 to 530%. Similarly the WBC o f DPM was 
612% while that of DPMC was 510%. Among crawfish chitosans, the decoloration of 
DPMA and DMPA produced DPMCA and DMPCA. The WBC o f DPMA was 638% 
while that of DPMCA was 581%. The WBC of DMPA was 766% while that o f DMPCA 
was 635%.
During deacetylation, acetyl groups are removed from chitin polymeric structure 
exposing the -NH 2  allowing more H-bonding, the increase in WBC could be attributed to 
the changes in chitin during the preparation of chitosan which could possibly explain the 
difference in WBC of chitin and chitosan.
The average WBC of crawfish chitins was 575% while average WBC for crawfish 
chitosans was 644%. The average WBC for all chitin samples was 545% while the 
average WBC for all chitosan samples was 702%. The average WBC of crawfish chitins 
were lower than those of crawfish chitosans. Similar trends were found in the WBC of 
commercial chitin and chitosan samples. The results are in agreement with those of Cho 
et al. (1998). In our water binding capacity experiments we used microcrystalline 
cellulose as one of the samples for comparison with the WBC of chitin and chitosan. 
Microcrystalline cellulose had the WBC of 296%. Knorr (1982) noted that the 
differences in water binding properties between chitin and chitosan possibly were dues to 
dissimilarities in crystallinity, the amount o f salt forming groups, and the residual protein 
content of the products.
33.16. Proximate Analysis o f Crawfish and Commercial Chitin and Chitosans
The proximate analysis o f crawfish chitosans produced with a varying time of 
deacetylation are shown in Table 3.8. The proximate analysis o f all chitins and

















Table 3.8 - Proximate analysis of crawfish chitosans produced under different conditions
Sample Treatment Nitrogen* Protein Fat Moisture Ash Fiber 
(by difference)
DMA 1 6.87 40.3 0.1 5.5 0.7 46.96
2 7.35 41.5 0.03 9.58 0.05 42.2
DMCA 1 6.57 36.5 0.06 11.07 0.04 46.49
2 7.01 40.01 0.1 8.4 0 44.98
DPMA 1 7.01 42.3 0.27 3.57 ND 47.1
2 7.07 42.4 0.07 3.96 0.1 46.96
DMPA 1 6.87 41.6 0.24 3.03 ND 48.47
2 7.31 43.2 0.1 5.34 0.1 44.35
DPMCA 1 6.85 40.9 0.28 4.05 0.37 47.85
2 7.27 43.3 0.1 4.65 ND 45.02
DMPCA 1 6.79 40.1 0.26 5.65 ND 47.58
2 6.84 40 0.1 4.92 0.05 48.43
* Nitrogen reported on a moisture-free and ash-free basis. 
1 - time of deacetylation 30 min 





commercial chitosans are shown in Table 3.9 and Table 3.10 respectively The 
first batch of chitosans produced from crawfish chitin with deacetylation time being 30 
min while the second bath o f chitosans were produced with a deacetylation time of 60 
min. The first batch of chitosans were not soluble in 2% aqueous solution of acetic acid 
at 1% (w/v) ratio while the second batch of crawfish chitosans were soluble in the said 
solution upon stirring in excess of 12 hr. The nitrogen content of crawfish chitosans 
ranged from 6.37 to 7.31% on a moisture-free and ash-free basis. The effectiveness of 
the demineralization treatment was indicated by the extremely low ash content which 
from 0.05 to 0.37%. The protein content o f all crawfish chitosan varied from 36.5 to 
43.3%. The fat content was extremely low and ranged from 0.03 to 0.27%.
There was a decrease in the nitrogen and protein content across crawfish chitosans when 
decoloration was performed during the production of crawfish chitosan. The 
decoloration (bleaching) was conducted to removed the color due to astaxanthin pigments 
as demineralized and deproteinized crawfish shell products are colored in nature. The 
decoloration (DC) when performed to DMA, DPMA, and DMPA they become DMCA, 
DPMCA, and DMPCA respectively. Among crawfish chitosan samples with a 30 min 
deacetylation the changes in nitrogen content between DMA and DMCA, DPMA and 
DPMCA, and DMPA and DMPCA were 0.3,0.16, and 0.08%, respectively. However, 
for the crawfish chitosan samples with 60 min deacetylation the changes in the nitrogen 
content between DMA and DMCA was 0.34%, between DPMA and DPMCA there was a 
reverse trend with DPMCA being higher than DPMA which could not be explained but 
between DMPA and DMPCA the decrease was 0.43%.

















Table 3.9 - Proximate analysis of crawfish and commercial chitins
Sample Nitrogen* Protein Fat Moisture Ash Fiber 
(by difference)
DMP 6.79" 41“ 0.16“ 2.9b 0.44b ss-s*
(0.15) (0.57) (0.08) (1.02) (0.12) (1.38)
DPM 6.78“ 40“ 0.1 l b 5.38b 0.24b 54.4“b
(0.13) (0.71) (0.05) (0.47) (0.33) (0.80)
DMPC 6.56" 38.9“** 0.13b 4.4ab 0.8 lb 55.8ab
(0.15) (0.64) (0.13) (0.76) (0.10) (1.26)
DPMC 6.55“ 0.20b 3.68b 0.54b 56.4*
(0.16) (0.49) (0.06) (1.17) (0.07) (2.72)
CHITIN 6.75" 37.3b 0.538 6.8a 4.88* 50. l b
(0.11) (0) (0.06) (0) (1.44) (1.5)
Numbers in parenthesis refer to standard deviations. For each column, means with different letters are significantly different (P < 
0.05).



















Table 3.10 - Proximate analysis of commercial chitosans
Sample Nitrogen* Protein Fat Moisture Ash Fiber 
(by difference)
SIGMA91 8.50" 48.55® 0.02b 6.31* 2.33“ 42.80b
(0.21) (0.64) (0.02) (1.27) (0.18) (175)
ALDR1CH85 7.5 lb 45.50b 0.82® 1.36b 1.71b 50.62®
(0.08) (0.57) (0.10) (0.15) (0.10) (0.62)
VANSON80 7.45b 44.60b 0.18b 1.83b 2.35® 51.05“
(0.07) (0.28) (0.01) (0.47) (0.11) (0.66)
VANSON75 7.53b 45.50b 0.1 lb 1.77b 1.48b 51.15®
(0.14) (0.85) (0.04) (0.07) (0.01) (0.95)
Numbers in parenthesis refer to standard deviations. For each column, means with different letters are significantly different. 




33.17. Crawfish Chitosan Membrane
The crawfish chitosan membrane prepared was yellow in color with the thickness of the 
film stabilizing after initial shrinkage due to loss of moisture. Although membranes have 
been prepared from chitosan (Butler et al., 1996; Kam et al., 1999), most of these 
membranes are produced from commercially available crab chitosan. The preparation of 
a membrane from crawfish chitosan has not been reported elsewhere. Although the 
research in this area as reported here is preliminary in nature but is very significant in 
terms of applications of this membrane in food preservation purposes. A detailed study 
of the physical, mechanical, and sensory properties need to be evaluated before this 
chitosan membrane is advanced as a candidate for edible coating.
Chitosans film forming ability coupled with its antimicrobial properties 
makes it one of the top candidates for a commercial coating agents for lightly processed 
agricultural products. The potential benefits from a chitosan based coating would be 
extension of shelf life, reduction of moisture loss, restriction of oxygen, lower respiration, 
retardation of ethylene production, sealing of flavor volatiles, and addition of additives 
for discoloration and microbial growth. The crawfish chitosan membrane we prepared 
showed apparent antimicrobial properties, while exposed to atmosphere and microbes in 
the air. No visible contamination from fungus was ever found in the incubation period of 
two months. The crawfish chitosan film was stored at 4°C during storage at room 
temperature led to a rapid loss of moisture. The films developed yellow coloration as 
also observed by Kam et al. (1999). The crawfish chitosan membranes were not as 
transparent as those produced from crab chitosan.
Baldwin et al. (199S) made a review of the edible coating and discussed about the 
obvious advantages of chitosan as a universal coating material in lightly processed
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agricultural products. Crawfish chitosan membrane could also be modified or can be 
customized to have antibiotic or other useful additives. Crawfish chitosan membrane 
could well be used in various industry segments, although approval o f chitosan as a food 
additive is still pending in the US-FDA.
3.3.18. Correlation between Binding Capacities and Physicochemical Characteristics 
of Chitins and Chitosans
The correlation between the binding capacities and physicochemical properties of 
crawfish and commercial chitosans are shown in Table 3.11. Among chitin products 
significant correlations were observed between WBC and bulk density (r = -0.86, P < 
0.01). WBC of chitins were positively correlated with nitrogen and negatively correlated 
with ash and bulk density. FBC (canola, com, olive, peanut, and soybean) for chitins 
were positively correlated with nitrogen and negatively correlated with ash and bulk 
density. For chitosans, almost no correlation was observed between WBC and nitrogen (r 
= 0.07). FBC (canola, com, olive, peanut, and soybean) for chitosans were negatively 
correlated with nitrogen, ash, bulk density. For pooled samples o f chitin and chitosan, 
WBC was slightly positively correlated with nitrogen (r = 0.29). FBC (canola, com, 
olive, peanut, and soybean) for pooled chitin and chitosan samples showed negative 
correlation with nitrogen, ash, and bulk density.

















Table 3.11 - Correlation (r) between binding capacities and physicochemical characteristics of chitins and chitosans
Physicochemical characteristics
Product Binding ---------------------------------------------------------------------
capacity N ash Bulk density
(%) (%) (%) (g/ml)
Chitin WBC 0.27 -0.71 -0.86**
FBC (Canola) 0.31 -0.70 -0.93
FBC (Com) 0.05 -0.66 -0.86
FBC (Olive) 0.45 -0.53 -0.73
FBC (Peanut) 0.22 -0.73 -0.88
FBC (Soybean) 0.39 -0.68 -0.87
Chitosan WBC 0.07 0.37 -0.45
FBC (Canola) -0.48 -0.43 -0.90
FBC (Com) -0.57 -0.47 -0.96
FBC (Olive) -0.58 -0.55 -0.95
FBC (Peanut) -0.56 -0.51 -0.94
FBC (Soybean) -0.52 -0.44 -0.94
Chitin WBC 0.29 -0.04 -0.41
+ FBC (Canola) -0.41 -0.44 -0.90
Chitosan FBC (Com) -0.45 -0.47 -0.93
FBC (Olive) -0.44 -0.46 -0.91
FBC (Peanut) -0.45 -0.52 -0.92
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Louisiana produces 90% of the US supply of crawfish with an annual harvest 
exceeding 100 million pounds. Approximately 80% is consumed locally and 15% is 
marketed throughout the US. Along with the consumption of edible tailmeat, about 85 
million pounds of peeling waste and generally non-commercial usable undersized 
crawfish (28-40 counts per pound) are produced as processing byproducts and have 
traditionally discarded in landfill dumping sites without pretreatment.
Chitin, a homopolymer of (0- l,4)-linked N-acetyl-D-glucosamine, is one of the 
most abundant, easily obtained, and renewable natural polymers. Chitin is structurally 
identical to cellulose, except that the secondary hydroxyl group (-OH) on the alpha 
carbon atom of the cellulose molecule is substituted with an acetamide group. Crawfish 
wastes represent a significant and renewable major resource for the biopolymer chitin and 
its deacetylated form chitosan.
The industrial applications of chitosan have been affected by inconsistent quality 
of chitosan. The quality and properties of chitosan products such as purity, viscosity, 
degree of deacetylation, molecular weight, polymorphous structure, may vary widely due 
to manufacturing processes that influence the characteristics of the final product.
This study demonstrated the effects of process modification during the production 
of chitin and chitosan from crawfish wastes on the physicochemical, functional, and 
spectroscopic properties of chitosan. An edible film from crawfish chitosan was 
successfully prepared. This edible film is being further investigated for its possible 
applications in food preservation.
Twelve different processes: DM, DP, DPM, DMP, DPMC, DMPC, DMA, 
DMCA, DPMA, DMP A, DPMC A, DMPC A from crawfish shells were investigated. 
Properties such as bulk density and color of the crawfish chitins were studied. Crawfish
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chitins and chitosans have different visible colors during the production. For 
commercially acceptable white color, decoloration is conducted but decoloration affects 
the physicochemical and functional properties o f crawfish chitin and chitosan.
The physicochemical and functional properties of these crawfish chitins and 
chitosans were compared with commercial chitins and chitosan. Functional properties 
such as Water Binding Capacity (WBC) and Fat Binding Capacity (FBC) were conducted 
for crawfish chitin and chitosans. The FBC of crawfish chitins and chitosans across 
different oil sources were compared with those of commercial chitosans of known Degree 
o f Deacetylation (DD). The FBC of all chitin ranged from 556 to 860%. The average 
FBC for crawfish chitins (DMP, DPM, DMPC, and DPMC) across all the oil sources 
tested was 834, 741,717, and 653%, respectively. The average FBC of commercial crab 
chitin across all oil sources tested was found to be 595%. The average FBC of all chitins 
(DMP, DPM, DMPC, DPMC, and commercial chitin) samples for canola, com, olive, 
peanut, and soybean was 724,697, 720,720, and 679%, respectively. The crawfish 
chitin DMP had the highest FBC among all the chitin samples, and the same trend was 
observed across for all the oil sources (canola, com, olive, peanut, and soybean).
WBC for chitins ranged from 423 to 648% and for chitosans ranged from 581 to 
1,150%. Comparing the WBC of crawfish chitins (DMP, DPM, DMPC and DPMC) and 
chitosans (DMPA, DPMA, DMPCA and DPMCA), deacetylation increased the WBC in 
crawfish samples. The average WBC of crawfish chitins was 575% while average WBC 
for crawfish chitosans was 644%. The average WBC for all chitin samples was 545% 
while the average WBC for all chitosan samples was 702%. The average WBC of 
crawfish chitins were lower than those o f crawfish chitosans. Similar trends were found 
in the WBC of commercial chitin and chitosan samples.
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The nitrogen content o f crawfish chitosans ranged from 6.57 to 7.31% on a 
moisture-free and ash-free basis. The effectiveness of the demineralization treatment was 
indicated by the extremely low ash content which from 0.05 to 0.37%. The protein 
content of all crawfish chitosan varied from 36.5 to 43.3%. The fat content was 
extremely low and ranged from 0.03 to 0.27%.
Deproteinized and demineralized shell once dried was not an effective substrate 
for decolorization. This study shows that isolation steps for chitosan production can be 
reduced, which, in turn, would lower production cost and produce less chemical wastes 
compared to the traditional process.
Degree of deacetylation (DD) is increasingly becoming an important property of 
chitosan, as it determines how the biopolymer can be applied. FT1R is a fairly accurate 
method for determining the degree of deacetylation of samples with a compromised 
solubility such as crawfish chitosan in the absence of a standard method. The spectral 
absorption pattern also provides information regarding the contamination of crawfish 
chitosan samples with some impurities or a derivative of chitosan. More studies need to 
be conducted to eliminate the variations. This may be at the sample preparation stage or 
process of sample purification before spectroscopic analysis. The change of sequence 
during the production of chitosan has little or no effect on the absorption spectra of 
chitosan as infrared absorption is based on the vibrations of atoms. However there seems 
to be some effects in terms of peaks found in spectra that could have been due to the 
effect o f astaxanthin pigments of crawfish chitin.
Although the chitosan from crawfish and crab have the same chemical structure as 
shown by the spectra, they differ greatly in their physicochemical and functional 
properties which determines their applications in various industries. The choice of
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methods for determination of DD between crawfish and crab chitosan having identical 
chemical structure is just an overview o f the variations in chitosan from different sources.
Further research on the physicochemical and functional properties o f crawfish 
chitins and chitosans need to be carried out in order to exploit the vast resources of 
crawfish shell. The applications of chitins and chitosans are numerous and they are 
increasing day by day. The proper understating of the factors that make the 
physicochemical and functional properties of chitins and chitosans vary will pave the way 
for many more applications serving mankind.
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